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IRON  AND  STEEL  INSTITUTE. 


SECTION  I. 
MINUTES    OF   PROCEEDINGS, 


ANNUAL  GENERAL  MEETING. 

The  Aknoal  General  Meeting  of  the  Iron  and  Steel  Ihstitgtk 
was  held  at  the  Institution  of  Civil  Engineers,  Great  George 
Street,  London,  on  Wednesday,  May  8,  1901 — Sir  William 
KoBKRTS-AtrsTEN,  K.C.B,,  D.C.L.,  D*Sc„  ER.S,,  President,  in 
the  chain 

The  Phesident  announced   that  the   following   Address  had 
been  laid  before  his  Majesty  the  King: — 

To  the  King's  Most  Excellent  Majesty; 

^May  U  pimse  Tour  Majesty, — 

We,  the  President,  Council,  and  Members  of  the  Iron  and 
Steel  Institute,  desire  to  he  permitted  to  ofler  to  your 
Majesty  and  to  the  other  Members  of  the  Royal  Family  the 
expression  of  our  profound  sympatliy  in  the  irreparable 
loss  which  has  been  sustained  by  your  Majesty  and  by 
the  Empire  in  the  death  of  our  revered  Sovereign  Queen 
Victoria, 

The  Iron  and  Steel  Institute  wishea  to  be  permitted  to 
pay  a  tribute  of  respect  to  the  memory  of  a  Sovereign  who 
through  a  long  reign,  in  which  marked  progress  has  been 
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made  in  the  Metallurgical  Arts,  was  uuremittiug  in  her 
devotion  to  the  welfare  of  her  subjects.  The  Iron  and 
Steel  Institute  will  keep  in  constant  veneration  the  meuiory 
of  her  Majesty  Queen  Victoria,  who  showed  her  deep 
interest  in  the  aims  of  the  Society  by  being  pleased  to 
graciously  accept  the  Bessemer  Gold  Medal,  which  was 
offered  in  commemoration  of  the  progress  made  in  the 
metallurgy  of  iron  and  steel  during  her  Majesty's  reign. 

Thirteen  years  ago,  your  Majesty  graciously  accepted 
the  Honorary  Membership  of  our  Institute,  and  we  desire 
respectfully  to  offer  to  your  Majesty  the  humble  expression 
of  our  heartfelt  congratulations  and  of  our  loyal  homage 
and  devotion. 

Sealed  with  the  seal  of  the  Iron  and  Steel  Institute, 
this  thirtieth  day  of  January  1901,  in  the  presence  of — 

W.  C.  Roberts- AusiEN,  President. 
Bennett  H.  Brough,  Secretary, 

Tlie  Secretary  read  the  miuutes  of  the  last  meeting,  held 
at  the  house  of  the  Socidtd  d'Encouragemeut  pour  Tlndustrie 
Nationale,  Paris,  on  September  18  and  19,  1900,  which  were 
confirmed  and  signed. 

Mr.  Alfred  Campion  and  Mr.  Robert  Theodore  Wilson  were 
appointed  scrutineers,  and  on  the  completion  of  their  scrutiny 
reported  that  the  following  gentlemen  had  been  duly  elected  as 
members  of  the  Institute : — 


Name. 


AUentler,  Henry,  Ber- 

grath 
Arnold,  John  Oliver  . 


Bockinp,  Rudolf, 
Konigl.  pretissischer 
Commerzienrath 

Byers,  William  Lums- 
den 

Calderwood,  James    . 


ADDRESe. 


Zolyombr^zo,  Gomttrer 
Comitftt,  Hungary 

Sheffield  University 
College,  Sheffield 

Brcbach,  near  Saar- 
briicken,  Germany 

11  Norfolk  Street, 
Sunderland 

Maryland  Steel  Co. , 
Sparrow's  Point, 
Maryland,  U.S.A. 


Propobbrs. 


0.  Bitter  von  Schwarz,  Baron 

H.vonJUptner,H.G.Tumer. 
John    K  Stead,  Robert  A. 

Hadfield,     Sir      William 

Roberts-Austen. 
C.  Ritter  von  Schwarz,  Baron 

H.   von  Juptner,    H.    G. 

Turner. 
William  Thackray,  William 

Whitwell,  Geo.  Ainsworth. 
Edward    P.    Martin,    C.    S. 

Martin,  William  Simons. 
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^                   AUlXtKSa. 

PjtoPMiaa. 

Camp,  Jajnes*  M'lntyro 

Diiqiiesne.       Penuayl- 

Thomas  Morrjsoit,  K  Fred. 

vatiia,  U.S.A. 

Wood,  Guv  R  Johnson, 

Ciark,  Willkm .    .    . 

23     Koyal     Exchange 

Fred.  W.  Paul.  Jantes  Itiloy. 

Huiiiirfi^  GlasgtiW 
13  lllyth  Kijad,  Work- 

Nichohi>^ K,  TurnbulL 

Cook,  George  Noreliffe 

Lewis  J.  Klrth,  J.   Ro««iter 

sop,  Nnttif 

Hoyks  Hurry  Marwlcn. 

Cook,  Samuel    ,     .     . 

Alhevt    Workd,    Hury, 

Geo.   A.   Shipnian,   William 
Y,    BeanUlmw,    tJohn    W. 

Luncai^liire 

Shipmiin. 

Crockara»       Frank 

Wlieoliii-s   Weat    Vir- 
ginia, U.^A. 

Julian  Kennedy,  Siiniuel  T, 

Heame 

Welhnan,    William    Gar^ 

rttt.  W.  H.  Bradley. 

Cutnmiijg,      Henry 

Bunk       Place,      Mel- 

George     Haiton,       Artluir 

Leslie 

bourne,  Austrulia 

Cooper,  John  tL  Darby. 

Ciiflto<li»,       Joieplms 

St.  Marie's  Chambers, 

R.  M.  Dat-leu,  E.  SchrSdter, 

Charltfrt 

aA      Norfolk      Row, 
Sliellleitl 

Km  oat  F.  Lange, 

David,  HezekiaU   ,     . 

Pe  n  coed  ,n*:Mi  r  1?  i  i«1  g©  1 1  d. 

David    Ricliarils,    Fred,    F. 

Gbimorganttliirc? 

Card.  William  Davis. 

Dupr^,  Frederic     .    . 

m   Billiter    liuildiii<;t«. 

Edwd.  Rile_y,  Eugtise  Poul- 

Loud*>n,  E.C, 

aine,  ChnHtma<^  KviitiK.         ^^^m 

Foster,  William  Jame» 

DaHaHioij  Green   Iron 

W.  Moore,  Edwari)  Richards*  ^^1 

\^''^J^kH,      D:irUiston, 

Walter  Macfarlane.               ^^H 

Stafford  sli  ire 

■ 

Fuuki!,       Ht^rmanii 

74  Victoria  Street,  Shef- 

Joteph  Jones.  Robert  Colver,         ■ 

Frank  Elchurd 

tield 

H.  Weddin^^                                ■ 

Goyflchnaidt.      Haua, 

DiBmarckstra«ae,       fl8, 

EmeiitF^Lange.SirWilll  am         H 

FbD, 

Fsi^en  Q/d  Rubr,  Ger- 

R(dierU-Austen, John  £.         H 

many 

Stead.                                            ■ 

Henri  cot,  Paul  *    .     * 

Court-St*'Etienne.  Bel- 

Maurice      Magery,       Eniil          H 

gium 

Sell Jtidter ,  J 11  liSH  M Jiger^.            fl 

—    Hoy,  HtJiiry  Albert    . 

Lancashire  and  York- 

Heury Webb,  J.  Scari^brick          ■ 

shire  Ry.  Co,  "k  Work  a. 

Walker,  Ernest  F.  Lauge.          ■ 

Horwich,  Lancashire 

^m 

Hp^'lie!^,      Theo|ihiliis 
y  n  ugh  a  11,     A»aoc. 

Norwich  Union  Cham- 

Sir  William  Roberts- A u^^ten,  ^^^| 

hers  J  Birmingham 

H.    G.    Graven.    GodCrey  ^^H 

Melland, 

Jiiekficm^  John  .     .     . 

3    HalUide,     Newton, 

Geo.  J.  Snelus.  Alfred  Catn- 

Glasgow 

pion,  Fred  W.  Paul. 
Eiiwd.     P.    Martin.    Alfred 

James,     Ch  rial  op  her 

Wellhou&e      Found  it, 

_        Wm.,MJ.Mech.E. 

Leads 

Bo  won,  Williaiii  Simons. 

K  Kkkip,  WOliam    .     . 

Luchana,  Biib&a,  Spain 

Sir  David  Dale,  Geo.  AEns- 
worth,  E.  Scf>tt. 

■  LodJn,  Arthur  .    .    . 

16  Ruo  Dcsbordea-Val- 

Sir  William  Roberta- Austen, 

■ 

more,  Paris 

John  E.  Steady  Percy  C, 
Gilchrist. 

Mackenzie,      Tboiiia« 

342  Duke  Street,  Glas- 

John C^l  ville.  David  Colville, 

Brown 

gow 

Sir  William  Arrol. 

Mareoartu,  /lis  Exceh 

Madrid 

Sir     Bernhard     Samuelson, 

hfietf    Don    Arturo 

Edwd.  P.  Martin,  Sir  David 

de,  Kl.lnBi.aE. 

Dale. 

Moorwood*  Francia 

260     Banialey     Road, 

John  D.   Ellik,  James  Duf- 

H        Colli] 

Sheffield 

field,  C.  Stanley  Martin. 

H    Mi>rton«    Ben  jam  in 

West      Street      Lane, 

Sir  Benjamin  Htiiglev,  Percy 

K      mrk 

Sbetleld 

W,  Lee,Geoi:t/eB.  Hiogley 
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Namk. 


Perry,  William  Henry 


Robinson,   Charles 
Snelling,  B.Sc. 


Rosenhain, 
B.A. 


Addbbss. 


Walter. 
Round,  J.  Lawrence  . 


Ry lands,  William  Peter 

Solacroup,  Emile    . 

Tatnall,  James  £. . 

Theisen,  Ednard    . 
Wiles,  Edwin  L. 


14  Westboume  Street, 
Stockton-on-Tees 

720  Boston  Building, 
Denver,  Colorado, 
U.S.  A. 

Chance's  Works,  Bir- 
mingham 

Court  Oak,  Harbome 


Dinele  Bank,  Lymm, 
Cheshire 

56  Boulevard  Males- 
herbes,  Paris 

Empire  Building,  Pitts- 
burg, Pennsylvania, 
U.S.  A. 

Baden  -  Baden,  Ger- 
many 

Wheeling,  West  Vir- 
ginia, U.S.  A. 


Pboposxbs. 


William  Whitwell.  W.   Fry 

Whitwell,     Sir     William 

Roberts-Austen. 
Julian    A.    Kebler,    Robert 

Forsyth,      Theodore      W. 

Robinson. 
Sir  William  Roberts- Austen, 

Jas.  A.  Ewing,   John   £. 

Stead. 
Sir    Benjamin  Hingley,    G. 

H.  Claughton,  Joseph  H. 

Pearson. 
W.    H.   Bleckly,  Sir   Bern- 
hard    SamueLson,    Arthur 

Cooper. 
Henry  Chapman,  Sir  William 

Roberts- Austen,  Sir  F.  A. 

Abel. 
Horace  W.  Lash,  Samuel  T. 

Wellmau,  William  Garrett. 

David  Evans,  John  E.  Stead, 

Arthur  Cooper. 
Julian  Kennedy,  Samuel  T. 

Wellman.    Wm.    Garrett, 

W.  H.  Bradley. 


The  following  Beport  of  the  Council  upon  the  proceedings  of 
the  Institute  during  the  year  1900  was  then  submitted : — 
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REPORT   OF    COtTNClL. 

At  this  tliirty-second  Annual  General  Meeting  of  the  Iron  and  Steel 
Institute,  tlio  Council  present  to  the  members  their  Eeport  on  the  pro- 
ceedings of  the  Inatttuta  during  the  year  1900i  and  axe  glad  to  note 
that  during  that  year  the  Institute  has  made  satisfactory  progreBs. 


The  Roll  of  the  Institute. 

During  tht^  year  under  review  there  have  been  added  to  the  register 
97  names,  a  number  somewhat  in  exceas  of  the  average  of  the  previous 
six  years.  The  numl>cr  of  members  on  the  roll  of  the  Institute  on 
December  31,  1900,  was— 


Honorary  members 
Life  members 
Ordinary  members 


Total 


10 
16 

1618 

1644 


To  the  list  of  Honorary  Members  the  names  of  Mr*  Gustavo  Canet, 
President  of  the  Society  of  Civil  Engineers  of  France,  and  of  Mr. 
Adrien  de  Montgolfier,  Director- General  of  the  St,  Chamond  Works, 
have  been  added  during  the  year. 

The  Council  have  to  congratulate  several  members  of  the  Institute 
who  hAve  had  high  tHstinctions  conferred  upon  them.  Mr,  Victor 
Caydndislij  M.P,,  Member  of  Council,  has  been  appointed  Treasurer  of 
the  Koyal  Household.  8ir  Frederick  A.  Abel,  Bart,  Past-President, 
has  been  created  a  Knight  Grand  Cross  of  the  Eoyal  Vic  tori  nn  Order, 
Queen  Victoria  conferred  the  dignity  of  a  baronetcy  on  Sir  Thomas  Wright- 
son,  M.R,  Sir  Arthur  T.  Lawson,  and  Sir  John  Aird,  M,P.  Mr.  K 
Windsor  Richard?,  Past- President,  has  been  appointed  by  the  King  of 
the  Belgians  a  Knight  Commander  of  the  Order  of  Leopold,  and  by  the 
Queen  Regeut  of  Spain,  a  Knight  Grand  Cross  of  the  Royal  Order  of 
Isabella  the  Catholic-  The  German  Emperor  has  appointed  Mr,  F,  A. 
Knipp  a  Privy  Councillor  with  the  title  of  iLxcellency,  and  has  con- 
ferred the  Order  of  the  Red  Eagle  upon  Mr.  Emil  Guilleaume,  Mr» 
j^  Jules  Magery,  and  Mr,  T*  von  Guilleaume,     The  Emperor  of  Austria 
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has  conferred  upon  Mr.  F.  A.  Krupp  the  Grand  Cross  of  the  Franz 
Joseph  Order.  Mr.  E.  J.  Ljungberg,  General  Manager  of  the  Stora 
Kopparbergs  Berslags  Aktiebolag,  whom  the  Council  congratulated  on 
the  celebration  of  the  25th  anniversary  in  the  service  of  that  Company, 
has  been  promoted  to  the  rank  of  Knight  Commander  (Ist  Class)  of  the 
Royal  Wasa  Order,  and  has  been  elected  a  member  of  the  Swedish 
Academy  of  Sciences.  Mr.  Pierre  Arbel  and  Mr.  H.  A.  Brustlein  have 
been  promoted  to  the  dignity  of  Officer  of  the  Legion  of  Honour,  and 
Professor  H.  M.  Howe  has  been  created  a  Knight  of  the  same  Order. 
Mr.  F.  H.  Kockum  of  Malmo  has  been  created  a  Knight  of  the  Royal 
Order  of  the  Polar  Star,  and  Mr.  E.  Schrodter  has  been  created  a  Knight 
of  the  Royal  Order  of  Isabella  the  Catholic.  The  honorary  degree  of 
Doctor  of  Science  has  been  conferred  by  the  Victoria  University  upon 
Sir  William  Roberts- Austen,  K.C.B.,  President,  and  honorary  degrees 
have  been  conferred  by  the  University  of  Cambridge  on  Sir  Benjamin 
Baker,  by  Yale  College  upon  Mr.  Julian  Kennedy,  and  by  the  Dresden 
Technical  College  upon  Mr.  Frederick  Siemens.  Among  the  honours  that 
have  been  bestowed  upon  the  members  of  the  Institute,  the  Council 
note  that  Mr.  John  G.  A.  Leishman  has  been  appointed  United  States 
Minister  to  Turkey,  Sir  W.  T.  Lewis,  Bart.,  has  been  elected  President 
of  the  Institution  of  Mining  Engineers,  and  Mr.  S.  T.  Wellman,  Presi- 
dent of  the  American  Society  of  Mechanical  Engineers.  The  Paris 
Academy  of  Sciences  has  awarded  the  Vaillant  Prize  to  Mr.  F.  Osmond 
for  his  researches  on  metals  and  alloys,  the  Swedish  Technological  Society 
has  awarded  the  Polhem  Prize  to  Mr.  J.  A.  Brinell,  and  the  Institution 
of  Civil  Engineers  has  awarded  a  George  Stephenson  Medal  and  a 
Telford  Premium  to  Sir  Lowthian  Bell,  Bart.,  Past-President.  On  the 
occasion  of  the  Paris  meeting  of  the  Institute,  Sir  William  Roberts- 
Austen,  President,  was  elected  an  Honorary  Member  of  the  French 
Society  of  Civil  Engineers. 

During  the  year  1900  the  Institute  has  suflTered  great  losses  by  the 
death  of  the  following  thirty-six  members  : — 

Armstrong,  Right  Hon.  Lord  (Newcastle-on-Tyne)   .  December  27. 

Armstrong,  George  Frederick  (Edinburgh)       .         .  November  16. 

Albright,  Arthur  (Birmingham)       ....  July  3. 

Bruce,  William  Duff  (London)         ....  April  28. 

Cherrie,  James  MaCullum  (Glasgow)       .         .         .  March  9. 

Craven,  John  (Manchester) June  12. 

Craven,  Joseph  (SheflBeld) December. 
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L     Dawson,  Bernard  (Malvern  Link)    .         .         .         ,     :Marcli  3.           ^| 

p    Daj,  Richard  (Bridlington  Quay)    * 

.     Angust  16.         ^H 

Downing,  Samuel  (Birmingham) 

.     August  11.        ^H 

Edge,  John  Harris  (8hifnal)    . 

.     October.             ^M 

Fletcher,  William  (Cockennouth)    » 

Augnat  6,         ^H 

Hill,  Alfred  (Coatham)   . 

April.                      1 

Hodgson,  John  Leo  (Stockport) 

.     January  31.             1 

Jeifreya,  John  Robert  (Ipswich) 

,     September  12,        J 

Jordan,  Samson  (Paris)  . 

.     February  24.     MM 

Lindherg,  Carl  Carlson  (Lax^) 

*        m 

February  12.     ^^ 

McCowan,  William  (Whitehaven)  . 

March  5.                 J 

Morris,  Obude  John  (Buxton) 

.     Octobers.         ^M 

Farkes,  Henry  Persebouse  (Tipton) 

.     May  IT.            ^M 

1      Pidgeon,  Daniel  (BanbuTy)      . 

.     March  13.         ^1 

Polonceau,  Gustave  Ernest  (Paris)  . 

.    March  3.          ^M 

Rider,  Henry  Hyam  (Rotherliam) 

.     March.              ^1 

Round,  Benjamin  (Harborne) . 

.     October  23,            1 

Rylaml,  William  (Sheffield)     , 

,     October  IL              1 

Sartori.^,  Herljert  (Kottering)  . 

.     August  30.         ^J 

Saunders,  Jamea  (Wolverhampton) 

,     April  13.          M 

Schmitz,  Albert  (Es.ten)  . 

,     June  19,           ^H 

Seebeck,  Leopold  (Ix^ndon)     . 

.     July  16.            ^M 

Smethnrst,  John  (Wigan) 

Marck               ^H 

Stewart,  Peter  (Glasgow) 

,     July  3.               ^^ 

Swan,  John  George  (Middlesbrough) 

,     December  23.         J 

Tosh,  Edmund  George  (Ulverston) 

.     April  22.          ^M 

Tylden-Wnghtj  Charles  (Nottingham) 

August  8,         ^H 

Valentine,  CharJea  J*  (Ijondon) 

November,        ^H 

Vaughan^  Thomas  (Middlesbrough) 

.    November  30.    ^| 

The  following  deaths  of   membera  occurred  in   1899^  but  were  not 

noted  in  the  Council  Report  for  that  year  i — 

Jones,  James  (Swansea) November  16, 

Pattison,  John  (Naples)  ......     Autumn. 

Of  the  deceaBed  memliers,  Lord  Armstrong,  whose  many  inveotiona  ^J 
earned  for  bis  name  a  world-wide  fame,  was  an  original  member  of  tlte^H 
Institnle  and  frequently  contributed  to  the  diBcnssions,    He  was  awur.f-  1^^" 

the  Bessemer  Gold  Medal  in  189L     Professor  Jordan,  the  gr^*' 

^~i 
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and  in  1889,  and  was  also  a  frequent  contributor  to  the  discussion  of 
papers  read.  He  was  an  energetic  member  of  the  Reception  Coraniiitees 
on  the  occasion  of  the  Paris  meetings  of  the  Institute  in  1878  and  in 
1889.  Mr.  Lindberg  was  one  of  the  five  members  of  the  £xecutiYe 
Committee  that  arranged  the  reception  of  the  Institute  in  Stockholm 
in  1898,  and  he  hospitably  entertained  the  members  of  the  Western 
Excursion  at  Lax^  Works.  Mr.  Polonceau  took  an  active  part  in 
organising  the  Paris  meeting  of  the  Institute  in  1889.  Professor  G.  F. 
Armstrong  acted  as  Local  Honorary  Secretary  in  connection  with  the 
Institute's  meeting  in  Edinburgh  in  1888.  Particulars  of  the  profes- 
sional careers  of  the  deceased  members  will  be  found  in  the  obituary 
notices  published  in  the  Journal  of  the  Institute. 

In  consequence  of  non-payment  of  subscriptions  the  names  of  eight 
members  have  been  removed  from  the  list,  and  there  have  been  twenty 
resignations  of  membership. 

Finance. 

The  Statement  of  Accounts  for  the  year  1900,  verified  by  the  Auditors,  . 
is  now  submitted  to  the  members  by  the  Honorary  Treasurer.     It  will 
be  observed  that  the  income  for  the  year  amounted  to  £4157,  and  the 
expenditure  to  £3771. 

The  corresponding  figures  for  recent  years  were  as  follows : — 


Income. 

Expenditure. 

£     8,      d. 

£    <.  d. 

1899  . 

.   4322  10   4 

3606  16  6 

1898  . 

.  3985  13  7 

3989  16  8 

1897  . 

.  3937  5  8 

3207  10  3 

1896  . 

.  3891  12  11 

4338  14  11 

Owing  to  the  incorporation  of  the  Institute  under  a  Royal  Charter, 
the  invested  funds  have  been  transferred  from  the  names  of  the  Trustees 
to  that  of  the  Institute,  and  the  Council  take  this  opportunity  of  thank- 
ing the  Trustees,  Sir,  Joseph  Pease,  Bart.,  M.P.,  the  Right  Hon.  Lord 
Wimbome,  and  Sir  David  Dale,  Bart.,  for  their  long  and  valuable 
services  to  the  Institute.  The  incorporation  of  the  Institute  rendered 
it  necessary  for  a  Common  Seal  to  be  provided,  and  Mr.  Pinches  has- 
engraved  the  dies  for  one  under  the  direction  of  the  Council.  It  bears 
the  head  of  the  late  Duke  of  Devonshire,  the  Institute's  first  President. 
All  documents  to  which  the  Common  Seal  has  to  be  affixed  are  now 
passed  and  sealed  in  Council. 


MEETINGS.  J 

During  the  year  under  review  two  lueetitigB  were  held  as  uiuaL 
The  Annual  Meeting  an  May  9th  was  held  at  tho  Institution  of  Civil 
Engineers,  and  tbe  constant  courtesy  of  that  iliRtinguisbed  body  iu 
providing  accomniodation  demands  grateful  acknowledgment. 

TKe  Autumn  Meeting,  lieldi  tor  the  third  time  ^inc«  tba  foumlation 
of  the  Institutej  in  Paris,  was  largely  att^^ndedj  and  brilliantly  euceeasfu]^ 
A  vefy  influential  Beeeption  Committee  was  formed,  with  Mr.  Robert 
de  Wendel  as  President.  Lavish  hospitality  was  dispensed  hy  the 
Comity  dee  Forges,  by  the  8om(§tiS  d^Enaoumgemetit  pour  llndnstrie 
Nationale,  hy  the  Minister  of  Public  Works,  by  the  President  of  the 
Municipal  Council  of  Paris,  by  Mr,  Eugene  8chneider,  by  Mr,  O,  Canet, 
by  Mr*  H,  de  Wendel,  by  Mr.  A.  de  MontgoMer,  by  tho  Chairman  and 
Directors  of  the  Soci^t<^  des  Metaux,  by  Colonel  Jekyll,  and  by  Mr- 
Henry  Chapinan,  who  again  placed  his  Paris  offices  at  the  (lisi>osal  of 
his  feilow»m embers ;  and  tlie  grateful  tlaanks  of  the  members  were  i 
accorded  for  the  cordiality  of  the  reception  given  to  the  Institute, 
The  excursions  in  connection  with  the  meeting  were  moat  instructive, 
and  have  been  described  at  length  in  the  Journal  of  the  Institute, 

To  Mr.  Henry  Yaslin,  the  local  Honorary  Secretary,  wliose  ability 
and  indefatigable  enei^^y  contributed  so  largely  to  the  success  of  the 
meeting,  the  Council  have  expressed  on  behalf  of  the  members  their 
seEse  of  indebtedness  by  presenting  to  him  a  piece  of  statuary  in  bronze 
with  a  suitable  inscription,  in  appreciation  of  his  valuable  services  in 
carrying  out  the  necessary  arrangements  for  the  meeting.  They  also 
forwarded  to  Sfr*  Robert  de  Wendel,  tbe  President  of  the  Committee, 
an  illuminated  address  of  thanks,  and  specially  bound  volumes  of  the 
Journal  containing  the  report  of  the  meeting  were  presented  to  the 
members  of  the  Reception  Committee*  Mr,  Gustave  Canet,  President 
of  the  Society  of  Civil  Engineers  of  France,  and  Mr.  A,  de  Montgolfier, 

^Director-General  of  the  St.  Chamond  Works,  were  elected  Honorary 
Members  of  the  Institute;  the  Council  considering  that  a  fitting 
opportunity  was  afforded  of  marking  their  appreciation  of  the  great 
services  rendered  by  these  gentlemen  to  the  metallurgy  of  iron,  and  of 
the  many  benefita  conferred  by  them  on  the  Iron  and  Steel  Institute. 

I  In  addition  to  the  President's  address,  read  at  the  Paris  meeting,  the 

(papers  contributed  to  the  Institute's  Proceedings  during  the  year  were 

IttB  follows ; — 
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1.  On  the  Use  of  Fluid  Metal  in  the  Open-Hearth  Furnace.      By 

J.  RiLET  (Vice-President). 

2.  On  the  Open-Hearth  Continuous  Steel  Process.     By  B.  Talbot. 

3.  On  a  Blowing-Engine  worked  by  Blast-Furnace  Gas.      Bj  A. 

Greiner  (Member  of  Council). 

4.  On  the  Manufacture  and  Application   of   Water-Gas.      By    C. 

Dellwik. 

5.  On  the  Utilisation  of  Blast-Fumace  Slag.     By  C.  von  Schwarz. 

6.  On  the  Equalisation  of  the  Varying  Temperatures  of  Hot-Blast 

By  L.  F.  Gjeks  and  J.  H.  Harrison. 

7.  On  Ingots  for  Gun  Tubes  and  Propeller  Shafts.     By  F.  J.   R 

Carulla. 

8.  On  the  Manganese  Ores  of  BraziL     By  H.  K.  Scott. 

9.  On  the  Theory  of  Solution  of  Iron  and  SteeL     By  Baron  H.  von 

JOptner. 

10.  On  the  Development  of  the  Iron  and  Steel  Industries  in  France 

since  1889.     By  H.  Pingbt. 

11.  On  Iron  and  Phosphorua     By  J.  K  Stead  (Member  of  Council). 

12.  On  Iron  and  Steel  at  the  Paris  Exhibition.     By  Professor  H. 

Bauerman. 

13.  On  a  New  Method  of  Producing  High  Temperatures.     By  E.  F. 

S.  Lange. 

14.  On  American  Methods  of  Testing  Iron  and  Steel.    By  A.  L.  Colby. 

15.  On  the  Action  of  Aluminium  on  the  Carbon  in  Cast  Iron.      By 

Godfrey  Melland  and  H.  W.  Waldron. 

16.  On  RoUing-Mills.     By  Louis  Katona. 

17.  On  the  Constitution  of  Slags.     By  Baron  H.  von  JOptnbr. 

18.  On   Iron   and  Steel  from  the  Point  of  View  of  the    "Phase- 

Doctrine.''     By  Professor  Bakhuis-Roozeboom. 

19.  On  the  Present  Position  of  the  Solution  Theory  of  Carburised 

Iron.     By  A.  Stansfield. 

The  Annual  Dinner  of  the  members  of  the  Institute  was  held  on 
May  9th,  at  the  Hotel  CeciL  The  chair  was  occupied  by  the  Pre- 
sident, and  amongst  the  noblemen  and  gentlemen  present  were  the 
First  Lord  of  the  Admiralty,  Lord  Kelvin,  Lord  Strathcona,  Admiral 
Sir  John  Dalrymple-Hay,  General  F.  T.  Lloyd,  Sir  Courtenay  Boyle, 
Sir  Benjamin  Baker,  the  Presidents  of  many  of  the  kindred  societies, 
most  of  the  members  of  Council,  and  a  large  number  of  members  and 
their  friends.     The  Institute  also  gave  a  dinner  at  the  Hotel  Continental 


REPORT   OF  COUNCIL. 


11 


t 


PUBUOATIOKS. 


Paris  on  September  19th,  to  whicli  the  members  of  the  Local  Recep- 
lion  Cominittee  and  other  distinguishofl  French  metallurgists  were 
nvited.  The  chair  was  occupied  by  the  President,  and  about  250 
a  embers  and  their  friends  were  present* 
For  the  Autumn  Meeting  of  the  present  year  the  TnRtitute  baa 
accepted  bh  invitation  to  meet  in  the  city  of  Glasgow  on  September 
3rd  to  6th,  simultaneously  with  the  holding  of  an  International 
Engineering  Congress,  of  Bectiou  V*  (iron  and  steel),  of  which  the 
Iron  and  Steel  Jjistitiitc  has  undertaken  to  take  charge.  Hemembering 
the  great  benefits  deriveil  from  the  previous  highly  auccesafid  meetings 
of  the  Institute  in  Glasgow  in  1872  and  in   1885,  the  Council  look 

^  Two  volumes  of  the  Journal  of  the  Institute  have  been  published, 

containing  together  1173  pages  of  letterprcKs,  39  plates,  and  illustrations 
in  the  text*  In  addition  to  the  papers  read  before  the  Institute,  and 
the  discussions  and  correspondence  relating  to  them,  those  vohimes 
contain  abstracts  of  1507  papers  relating  to  iron  and  steel  and  kindred 
subjects  published  in  other  home  and  foreign  Journals  and  Trans- 
actions. In  view  of  the  frequent  applications  made  to  the  Institute 
for  detailed  particulars  of  the  methods  and  appliances  referred  to  in  the 
abstracts,  there  can  be  no  doubt  that  they  constitute  a  useful  feature  of 
the  Journal,  and  in  order  to  enhance  their  utility,  the  Council  has  in- 
structed the  Secretary  to  compile  a  General  Index  to  the  Journal  of  the  1 
Institute  up  to  the  end  of  1900,  forming  a  continuation  to  the  General 
Indexes  already  published.  The  preparation  of  the  Index  is  making 
satisfactory  progress,  and  the  volume  will,  it  is  hoped,  be  issued  to  the 
members  during  the  year. 


LrBRART   AND    OFFICES. 


k timer ous  presentations  to  the  Library  have  been  made,  a  list  of 
h  is  given  in  the  Journal  of  the  Institute,  Chief  among  these, 
the  Council  have  to  record  their  thanks  to  Mr,  Otiatave  Eiffel  for  two 
handsome  folio  volumes,  containing  a  detailed  description  of  thn  tower 
that  bears  his  name.  Members  who  have  published  works  valuable  for 
reference,  ot  pamphlets  on  subjects  relating  to  Iron  and  stool,  of  which 
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they  could  present  copies,  are  reminded  that  such  contribntioiis  to  Um  I 
Library  are  highly  acceptable  for  permanent  preservation.  Additional  I 
bookshelf  accommodation  has  been  provided  to  meet  the  growth  of  the  | 
Library. 

The  additions  to  the  collection  of  portraits  include  a  portrait  of  Mr.  1 
Henri  de  AVeudel,  Bessemer  Gold  Medallist,  presented  by  that  gentle- 
man.    The  collection  of  portraits  has  been  enriched  by  the  presentation 
by  Messrs.  MauU  &  Fox  of  a  number  of  platinotype  photographs  of ' 
members  of  the  Institute. 

The  Office  accommodation  has  during  the  past  year  received  the  atten- 
tion of  the  Council.  An  additional  room  has  been  acquired,  and  electric 
light  has  been  installed. 

The  appointment  of  Chief  Clerk  to  the  Institute,  rendered  vacant  by 
the  resignation  of  Mr.  C.  McDermid,  who  had,  during  his  tenure  of  ofBce, 
invariably  carried  out  his  duties  in  a  conscientious  and  energetic  manner, 
has  been  filled  by  the  appointment  of  Mr.  G.  C.  Lloyd,  chief  assistant 
to  Messr&  Jeremiah  Head  &  Sons  of  Westminster. 


Bbsskmer  Gold  Medal. 

The  Bessemer  Gold  Medal  for  1900  was  presented  to  Mr.  Henri  de 
Wendel,  in  recognition  of  his  great  services  to  the  metallurgy^  of  iron, 
and  of  the  active  part  taken  by  him  in  the  development  of  the  phos- 
phoric iron  ore  resources  of  French  and  German  Lorraine. 

Appointment  op  Representatives. 

During  the  year  the  President  and  Sir  Frederick  Abel,  Bart.,  Past- 
President,  continued  to  represent  the  Institute  on  the  governing  body 
of  the  National  Physical  Laboratory,  and  the  President  continued  to 
represent  the  Institute  on  that  of  the  Imperial  Institute. 

Owing  to  his  removal  from  Scotland,  Mr.  James  Riley^,  Vice-President, 
resigned  the  position  as  the  Institute's  Scottish  representative  on  Lloyds' 
Technical  Sub-Committee,  and  Mr.  William  Beardmore,  Member  of 
Council,  was  appointed  to  fill  the  position  for  the  unexpired  portion  of 
Mr.  Riley's  term  of  oflSce.  The  Institute  was  represented  at  the  Inter- 
national Metallurgical  Congress,  held  at  Paris  on  June  18th  to  23rd, 
by  the  President,  who  was  appointed  Honorary  President  of  that 
Congress,  and  by  the  Secretary.  The  Institute  was  also  represented 
at  the  International  Congress  on  Methods  of  Testing,  held  at  Paris  on 
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f uly  9th  to  1 6th,  and  at  the  International  Geological  Congress,  held  at 
Paris  on  August  1 7  th  to  2dtlL 
On   the  c^ccAsion  of   the  celebration  of   tlie  fiftieth  anniversary  of 

be  Geological  Survey  of  Austriii  on  June  9th,  a  congratulatory  address 
ras  presetkted  on  behalf  of  the  Institute.  The  Institute  was  also 
e presented  on  the  occasion  of  the  reception  to  kindred  societies  by 

be  French  Society  of  Engineers,  on  June  1 5th  to  '20th,  by  the  President, 

fr-  O,  J,  Snelua,  Yice-President,  and  the  Secretary. 


t 


Paris  Exhibition, 

The  Iron  and  Steel  Institute  participated  in  the  Paris  Exhibition 
["by  showing  io  the  gallery  of  Class  64  the  historical  collection  of 
^specimena  of  Bessemer  steel,  dating  back  to  June  1856,  preBented  by 
the  late  Sir  Henry  Bessemer  to  the  Institute,  A  considerable  number 
of  members  took  part  in  tbe  work  of  the  Exhibition*  The  President  of 
the  British  Eoyal  Gonimission  was  His  Majesty  the  King,  Honorary 
Member  of  the  Iron  and  Steel  Institute.  Among  the  Koyal  Commis- 
sioneTA  were  tbe  following  members  of  the  Iron  and  Steel  Institute : — 
The  Duke  of  Devonshire,  K,G.  j  Sir  James  Kitson,  Bart.,  M.P*,  Past- 
President  ;  Sir  E.  H.  Carbutt,  Bart,  Member  of  Council ;  Sir  F,  A.  Abel, 
Bftrt.»  K.C.B*,  Past-President ;  Mr.  E  Wi  ml  so  r  Richard  Sj  Past- President; 
and  Mr.  S.  E.  Howell  Among  the  British  Jurors  appointed  to  the 
International  Jury  were  the  following  members  of  the  Institute  t — 
Class  20,  engines,  Mr.  G.  Cawley  ;  Class  21,  general  machinery,  Mr. 
W.  H,  Massey ;  Class  22,  macbine  tools,  Sir  W.  T.  Lewis,  Barl,  Vice- 
President ;  Class  64,  metallurgy,  Sir  WilJiam  Eoberts- Austen,  K.C.B., 
President ;  Class  65,  metal* working,  Mr.  Bennett  H.  Brough,  Secretary. 
The  following  members  of  the  Institute  also  served  on  the  International 
Jury  1 — Mr.  P*  Arbel,  France  ;  Mr.  H,  A.  Brustleiuj  France ;  ^Ir.  A.  L. 
Colby,  United  States ;  Mr.  E.  Disdier,  Spain ;  Professor  H.  M.  Howe, 
United  States ;  Mr.  L,  L^vy,  France  ;  Mr.  D.  TschernotF,  Eussia ;  and 
Mr.  A.  Wahlberg,  Sweden. 


ThB  AnBEEW   CAiLXBOIR  HeSEAECH    SOHOLABSniP. 

The  President^  Sir  William  Roberta- Austen,  announced  at  the  Pans 
neeting  that  he  had  received  a  communication  from  Mr.  Andrew 
[Carnegie,  Yice*President^  announcing  his  intention  of  generou^lY  iro* 
enting  to  the   Institute  the   sum  of  £6500,   to   be   devoted 
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promotion  of  metallurgical  research.  Mr.  Carnegie  subsequently  iat- 
warded  to  the  Institute  thirty -two  one -thousand-dollar  Pittsbui]^! 
Bessemer,  and  Lake  Erie  Railroad  Company  5  ^t  cent,  debentim 
bonds  for  the  purpose.  It  has  been  decided  that  a  Gold  Medal  and  t 
Research  Scholarship  or  Scholarships  will  be  awarded  annually,  irre- 
spective of  sex  or  nationality,  on  the  recommendation  of  the  Council  ol 
the  Institute.  Candidates,  who  must  be  under  thirty-five  years  of  age, 
must  apply  before  the  end  of  April,  on  a  special  form,  to  the  Secretarj 
of  the  Institute. 

The  object  of  this  scheme  of  scholarships  is  not  to  facilitate  ordinarj 
collegiate  studies,  but  to  enable  students  who  have  passed  through  a  coU^ 
curriculum,  or  have  been  trained  in  industrial  establishments,  to  conduct 
researches  in  the  metallurgy  of  iron  and  steel  and  allied  subjects,  with  a 
view  to  aiding  its  advance  or  its  application  to  industry.  The  National 
Physical  Laboratory,  on  the  governing  body  of  which  the  Iron  and  Steel  In- 
stitute is  represented,  would  for  many  reasons  be  a  suitable  place  in  which 
such  a  research  could  be  carried  out.  There  is,  however,  no  restriction  as 
to  the  place  of  research  which  may  be  selected,  whether  university,  techni^ 
cal  school,  or  works,  provided  that  it  be  properly  equipped  for  the  prose- 
cution of  metallurgical  investigation.  The  appointment  to  the  Scholar- 
ship shall  be  for  one  year,  but  the  Council  may  at  their  discretion  renew 
the  Scholarship  for  a  further  period  instead  of  proceeding  to  a  new 
election.  The  results  of  the  research  shall  be  communicated  to  the  Iron 
and  Steel  Institute  in  the  form  of  a  paper  to  be  submitted  to  the  Rnniiiil 
general  meeting  of  members,  and  if  the  Council  consider  the  paper  to  be 
of  sufficient  merit,  the  Andrew  Carnegie  Gold  Medal  shall  be  awarded 
to  its  author.  Should  the  paper  in  any  year  not  be  of  sufficient  merit, 
the  medal  will  not  be  awarded  in  that  year. 

Rbtirinq  Members  of  Council. 
The  retiring  Members  of  Council  are  : — 

Vice-Presidents  :  Sir  J.  G.  N.  Alleyne,  Bart;  Mr.  G.  J.  Snelus,  F.R.S. ; 
Mr.  James  Riley. 

Members  of  Council :  Mr.  J.  D.  Ellis ;  Mr.  R.  A.  Hadfield ;  Sir  B. 
Hingley,  Bart. ;  Mr.  William  Beardmore ;  Mr.  David  Evans. 

As  no  other  members  were  nominated  up  to  one  month  previous  to  this 
meeting,  in  response  to  the  announcement  made  at  the  Paris  meeting, 
these  gentlemen,  who  are  all  eligible,  are  presented  for  re-election. 
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The   Council    havmg    elected    Mr*    William    Whit  well,    Honorary 

Treasurer,  to  succeed  Sir  William  Eoberts-Austen  as  President,  have 

^     chosen  Mr.  W,  IL  Eleckly,  Vice- Preai dent,  who  has  served  on  the  Council 

for  twenty  years,  as  Honorary  Treasurer,  to  till  the  vacancy  caused  by 

Mr  Whilweirs  election  to  the  Presidency. 

tThe  Honoraty  Treasurer  {Mn  William  Whit  well)  then  read  the 
UklemenL  of  Accounts  for  the  year  1900  (pp.  16  and  17).  Commenting 
pon  the  accountfy,  he  pointed  out  that  the  income  was  filightly  lower 
than  it  had  been  m  the  previous  year,  the  difference  being  due  to  a 
falling  oflT  in  the  amount  received  for  life^compoiiitions,  The  amount 
received  for  annual  subscriptions  was,  however,  greater.  Owing  to 
the  increased  income-tax  the  yield  of  interest  on  investments  was  less. 
The  expenditure  was  a  little  higlier  than  in  1899.  The  increase  was 
due  chiefly  to  the  cost  of  exhibiting  at  Paris^  to  the  installation  of  the 
electric  Ught,  furnishing  and  decorating  the  Institute  offices,  and  to 
tlie  extra  large  size  of  the  two  volumes  of  tlie  Journal  published 
during  tlie  y^ar.  The  low  expenditure  in  connection  with  the  Paris 
meeting  was  eminently  satisfactory*  The  meeting  was  very  largely 
attended,  and  yet  the  cost  was  condderably  less  than  that  of  the 
previous  meeting  in  Paris  in  1889. 
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18  STATEMENT  OF  ACCOUNTS. 

The  President  said  that  in  the  Beport  there  was  one  very 
prouiinent  feature  to  which  he  must  call  attention — namely,  his 
announcement  at  the  Paris  meeting  that  he  had  received  a  com- 
munication from  Mr.  Andrew  Carnegie  announcing  his  intention 
of  generously  presenting  to  the  Institute  the  sum  of  .£6500  to 
be  devoted  to  the  promotion  of  metallurgical  research.  It  was 
subsequently  decided  that  a  gold  medal  and  a  research  scholar- 
ship or  scholarships  should  be  awarded  annually,  irrespective 
of  sex  or  nationality,  on  the  recommendation  of  the  Council  of 
the  Institute.  The  candidates  must,  in  accordance  with  Mr. 
Carnegie's  wishes,  be  under  thirty-five  years  of  age,  and  must 
apply  before  the  end  of  April  in  a  special  form  to  the 
Secretary  of  the  Institute.  The  Council,  in  accordance  with 
the  most  munificent  gift  made  by  Mr.  Andrew  Carnegie,  had 
made  its  first  award  this  year.  In  view  of  the  wishes  of  Mr. 
Carnegie,  and  of  the  international  character  of  the  gift,  it  had 
been  decided  that  it  should  not  only  be  given  to  Englishmen,  but 
in  turn  to  men  of  all  nations  of  the  earth.  They  had  accordingly 
given  one-third  to  Dr.  Mathews,  a  distinguished  American 
worker,  one  who  would  continue  his  work  under  Professor 
Howe  in  America.  Another  scholarship  had  been  given  to 
Mr.  Julius  Goldberg,  an  Austrian,  who  had  done  very  good 
work ;  and  the  other  third  to  Dr.  A.  Stansfield,  to  whom  the 
Institute  was  already  indebted  for  some  valuable  papers.  It 
had  been  a  question  of  some  difficulty  as  to  who  among  the 
many  distinguished  Englishmen  should  receive  the  third  share, 
but  it  was  finally  agreed  to  give  it  to  Dr.  Stansfield,  the  eldest  of 
the  other  candidates  who  had  presented  themselves. 

He  had  also  the  great  pleasure  of  being  able  to  say  that  Mr. 
Andrew  Carnegie,  not  content  with  the  munificent  gift  he  had 
already  given,  had  expressed  his  intention  to  double  that  gift. 

He  then  formally  moved  the  adoption  of  the  Report  and 
Statement  of  Accounts. 

Mr.  H.  G.  Turner  said  he  had  ^reat  pleasure  in  seconding  the 
motion  that  the  Report  of  the  Council  and  Statement  of  Accounts 
be  adopted.  He  would  not  detain  the  meeting  for  any  length  of 
time,  but  he  wished  to  draw  attention  to  one  matter  which  had 
always  been  of  very  great  interest  to  him — namely,  the  reference 
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the  Report  to  the  publications  of  the  past  year.     In  1898  be 
id  the  pleasure  ol  drawing  attention  to  the  very  efficient  way 
in  which  the  library  aod  the  publications  were  manatfeil   by  tlie 
iCouiicil  and  the  Stafi'.     He  now  desired  to  reiterate  his  opinion^ 
ind  also  the  opinion  of  all  present,  that  that  department  uf  the 
business  was  nmiiaged  in  a  most  efficient  and  proper  way.      He 
?as  glad  to  see  that  the  Council  had  instructed  the  Secretary  to 
prepare  a  continuation  of  the  index.     There  was  to  he  a  con- 
tinuation of  the  index  brought  up  to  dat&i  and   that  would  be  a 
material  benefit  to  all  who  wished  to  search  tlie  volumes, 
pt  had  been  of  the  very  greatest  importance  to  him,  not  only 
rom    a    scientific,  but    also    from    a    business    point    of    view, 
fhey  could  not  do  better  than  congratulate  themselves  that  ttie 
'Council  and  Secretary  bad  taken   such  a  great  interest  in   the 
matter,  and  intended   to  pursue  the  policy  of  keeping  up  the 
publications  to  the  best  possible  standard. 


The  resolution  was  carried  unanimously. 


I  Mr*  F,  W,  Harbokd  said  lie  felt  very  great  pleasure  in  rising 
propose  that  the  very  best  thanks  of  this  meeting  be  given  to 
I    the  retiring  President  for  the  way  in  which  he  had  entirely  de- 
I    voted  his  energies  to  the  interests  of  the  Institute  throughout 
t     the  past  two  years*      Uuring   that   period   several  things   had 
occurred  which  would  always  be  memorable  in  the  history  of  the 
L   Institute,     First,  there  was  the  Presidential  Address,  which  had 
I   dealt  so  exhaustively  with  metallurgical  progress  in  connection 
■  with  iron  and  steel,  and  the  sympathetic  way  he  had  dealt  with 
I     the    various   work    done    by    past    Presidents   was   most   highly 
appreciated  by  every  member  of  the  Institute.     The  euggeetion 
that  her  late  Majesty  Queen  Victoria  nhould  be  asked  to  accept 
the  Bessemer  Medal  was  larf^ely  dne  to  their  retiring  President, 
aod  its  gracious  acceptance  not  only  emphasised  the  vast  pro* 
gress  made  in  the  great  iron  and  steel  industries^  but  was  the 
highest  honour  which    could  be    bestowed  upon    the  Institute* 
There  was  also  tiie  visit  to  Paris,  which  was  made  under  excep- 
tional difficulties,  the  great  success  of  which  everybody  would 
admit  was  largely  due  to  the  unfailing  courtesy  and   untiring 
energy  of  the  gentleman  about  to  vacate  the  presidential  chair. 


I, 


m 


VOTES  OF 


His  review  of  the  work  done  in  the  [laei  ^ 
was  a  TiiastHi^rpLece  in  its   waj^,  and 
greatest  value  to  all  persons  iDterested  i 
Another  matter  which   was  worthy  ui 
ment    of  the  President    as    a  member 
especially   selected   to   inquire   into  tlit 
of  iron  and  steel  for  ordnance  work* 
tenure  of  office  of  the  retiring  President 
able  for  the  munificent  ^aft  which  Mr.  r- 
Institute  through  hinj,  a  gift  which  - 
a  new  era  in   metallurgical  research,    ' 
members  of  the  Institute  to  carry  on  \ 
not  only  be  of  value  to  all  connect i 
with  the  highest  class  of  research   ' 
world.      He  begged  leave  to  propo.se 
of  t)ie  meeting  be  given  to  the  retiri, 
in  the  chair  duritig  the  past  two  jeAm 

Mr.  Charles  Lowthian  Bell 
motion,  which  he  bad  great  pleasii 
words  of  his  to  bring  it  more  f:  ■ 
the  meniberSj  aa  it  had  been  so  a 

The  resolution  was  carried  by  ti* 


The  PRKSIDBNT  said  that,  ha^in 
of  work  to  be  got  through,  he  w'    > 
The  moment  had  come  when  h> 
mitted  to   him,  and  the  period 
delightful  one  for  him.      It  \in< 
episode  in  hig  life  to  be  a  Pn 
support  of  the  Council,  and  o\ 
received  throughout,  and  woul' 
bad  said,  there   had   been   nv 
with  gratification.     But  aU   i 
by  the  one  sad  memory  thai 
Queen  Victoria  they  had  lo«'. 
the  "  Age  of  Steel "  had  been 
more  for  him  to  do — naniNi* 
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'•'^rould  be  known  eventnally.      He  hoped  he 

mmht  ill   the   future   in   rolling  away   some 

iuorance.      He    thanked    the    President,    as 

NMtitute,    for    having    conferred    that    great 

♦oi  honour  which  he  would  never  forget* 

n  delivered  his  inaugural  address. 
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to  award  him  the  Bessemer  Medal  for  his  researches.  These 
researches  had  been  entirely  a  labour  of  love.  It  was  a  great 
reward  when,  by  patient  working,  some  hidden  truth  which 
had  been  concealed  for  generations  was  established.  Metal- 
lurgical research  could  not  be  done  without  the  opportunity, 
and  he  remembered  with  the  greatest  gratitude  the  encourage- 
ment and  opportunity  in  original  research  which  had  been  given 
him  when  he  first  entered  the  Middlesbrough  works  as  an 
analytical  chemist.  At  that  time  Mr.  Edward  Williams  was 
the  general  manager.  Mr.  Williams  did  not  appoint  hiin  to 
wash  bottles  and  to  make  analyses  only — that  was  a  minor 
part  of  his  work — but  presented  him  with  innumerable  problems 
to  solve.  Some  he  was  happy  to  say  he  had  solved,  but  others 
still  needed  more  research.  He  must  not  forget  also  that  the 
work  he  had  done  had  not  been  his  own  only.  In  seeking 
after  practical  truth,  one  man  could  do  very  little  alone,  and 
what  he  had  done  was  to  solicit  and  obtain  the  co-operation  of 
an  army  of  friends.  There  was  no  iron  manufacturer  and  no 
steel  manufacturer  in  this  country  to  whom  he  had  applied 
who  had  not  said  readily,  "  We  will  do  any  practical  experi- 
ments you  like  in  aid  of  your  research."  He  had  to  thank 
those  gentlemen.  Then  there  were  other  professors  and 
scientific  experts,  members  of  the  Institute,  and  other  persons 
outside,  who,  when  applied  to,  had  devoted  much  of  their  time 
and  brains  in  order  to  assist  him  in  his  researches.  The 
honour  which  had  been  done  him  was  divided  with  those 
gentlemen,  and  although  their  names  were  not  engraved  on 
the  medal,  he  would  ever  see  them  there.  It  was  one  of  the 
proudest  moments  of  his  life  to  stand  there  and  claim  to  be 
of  the  fraternity  of  Bessemer  Medallists.  He  hoped  his  future 
record  would  be  better  than  his  past.  In  looking  over  his 
past  work,  he  wa^  convinced  of  his  fearful  ignorance.  The 
more  he  seemed  to  get  to  know,  the  more  ignorant  he  felt  he 
was.  The  whole  metallurgical  world  seemed  full  of  fogs  and 
clouds,  one  "saw  men  as  trees  walking,"  and  other  workers 
were  beginning  to  learn  what  little  exact  knowledge  they  had 
of  the  science  of  metallurgy,  and  to  see  that  there  were  huge 
areas  which  needed  investigation  and  the  attention  of  more 
research    workers.     What    was   known   now    was  a  mere   trifle 
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^compared  to  what  would  be  known  eventually.  He  hoped  he 
would  be  able  to  assist  iti  the  future  in  rolling  away  some 
of  the  fog  and  ifrnorance.  He  thanked  the  President,  as 
representing  the  Institute,  for  having  conferred  that  great 
honour  upon  him,  an  honour  which  he  would  never  forget. 


The  PEE3m£NT  then  delivered  his  inaugural  address. 
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PRESIDENTIAL  ADDRESS. 

By  WILLIAM  WHITWELL. 

We  meet  to-day  under  very  memorable  and  unique  conditions, 
for  not  only  is  this  our  first  meeting  in  the  new  century,  but 
also  the  first  in  the  new  reign.  It  is  natural,  therefore,  that  our 
thoughts  should  be  directed  to  the  characteristic  features  and 
achievements  of  the  past  century  and  the  last  reign.  How  pro- 
lific both  have  been  in  great  deeds,  great  scientific  advances, 
great  progress  in  a  thousand  different  directions,  and  great 
prosperity  for  the  industries  which  this  Institute  represents. 
Many  pages  of  this  address  might  suitably  be  devoted  to  a 
comparison  of  the  years  1801  and  1901,  and  1837  and  1901. 
But  what  could  I  say  in  such  a  comparison  that  has  not  been  said 
already  a  hundred  times,  not  only  by  my  predecessors  in  the 
chair,  but  by  many  other  authorities  who  have  made  themselves 
more  au  courant  with  the  world's  metallurgical  conditions  than 
I  can  claim  to  be. 

The  Progress  of  the  Past  Century. 

If  we  look  back  to  the  past,  we  are  forced  to  the  conclusion 
that  most  of  the  notable  advances  made  in  our  art  and  industry 
belong  to  the  nineteenth  century,  particularly  its  latter  half.  The 
principal  exceptions  are,  the  use  of  coal  as  a  blast-furnace  fuel 
by  Dud  Dudley,  the  invention  of  the  puddling  process  by  Ciort, 
and  the  manufacture  of  crucible  steel  by  Huntsman.  All  the 
inventions,  discoveries,  and  improvements  of  preceding  centuries 
did  not  succeed  in  getting  a  yield  of  more  than  40  to  50  tons 
a  week  from  a  blast-furnace,  nor  a  consumption  of  less  than  six  to 
seven  tons  of  coal  per  ton  of  pig.  Hence,  in  the  early  years  of 
the  nineteenth  century,  the  world's  make  of  pig  iron  was  less 
than  half  a  million  tons,  against  40  millions  in  1900 ;  and  the 
make  of  steel  in  1800  was  less  than  50,000  tons,  as  against 
27|  millions  in  1900.      If  I  wanted  a  text  from  which  to  preach 
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to  you  a  discourse  suitable  to  the  place  and  circumstances  in 
which  I  stand  to-daj,  I  think  these  figures  would  adequately 
supply  it.  For  what  do  they  mean  and  involve  ?  They  are 
symbolical  of  a  century  of  the  most  marvellous  material  progress 
that  has  ever  been  attained,  and  some  of  us  think  ol  greater 
progress  than  could  by  any  possibility  happen  in  the  time  to 
come*  They  mean  the  rise  and  development  of  the  railway 
system^  of  the  iron  and  steel  mercantile  marine,  of  wonderfully 
complicated  and  eflfective  fighting  machines  whereby  Britannia 
rules  the  waves ;  of  locomotive  engines,  marine  engines,  machine 
tools,  a^^ricultural  machinery,  and  other  forms  and  demonstrations 
of  power ;  of  bridges,  viaducts,  tun  Dels,  and  aumerous  other 
structures,  that  could  not  have  been  possible  under  the  former 
order  of  things ;  and  finally  they  mean  the  amelioration  of  the 
conditions  of  labour  and  of  living  in  every  civilised  country  that 
I  need  not  attempt  to  parti cularise. 

I  sometimes  wonder  whether  we  of  this  Institute  are  not  at 
times  too  prone  to  magnify  the  share  that  we  have  taken  and  still 
continue  to  take  in  relation  to  the  material  achievements  of  the 
latter  half  of  the  century.  The  chief  symbols  of  the  century  are 
the  locomotive,  the  steamship,  and  the  dynamo*  The  minor 
symbols  are  legion.  Few  symbols  in  either  category  would  have 
been  possible,  as  we  know  them  to-day,  but  for  the  materials 
made  available  by  the  iron  and  ateel  industries.  And  yet  these 
industries  had  no  general  technical  organisation  until  the  year 
1869,  when  the  Iron  and  Steel  Institute  was  founded,  holding 
Its  first  autumn  meeting  of  an  audience,  ^^  fit  though  few/'  in  the 
din<^'y  and  not  over-auspicious  Oddfellows*  Hall,  Middlesbrough. 
Many  things  have  happened  since  then.  We  have  been  honoured 
[  by  kings  and  princes,  and  have  been  awarded  the  world's  meed 
of  praise  for  useful  and  beneficial  work,  I  well  remeuiber  the 
meeting  that  was  held  at  Newcastle-on-Tyne,  September  29, 
1868.  The  suggestion  that  such  an  Institute  should  be  estab- 
lished was  made  by  the  late  John  Jones  of  Middlesbrough,  at  that 
time  Secretary  of  the  North  of  England  Iron  Trade,  who  read 
paper  on  the  position  of  the  Iron  Trade  in  relation  to  Technical 
Education*      In  accordance  with  resolutions  then  passed  by  the 

Imembei's  of  the  North  of  England  Iron  Trade,  a  meeting  was 
convened   at  the    Quean's    Hotelj    Birmingham,  on   October   8^ 


FRESIDENTJAL   ADDRESS. 

1868,  Mr,  William  MeoeUus  of  Dowlais  presided,  and  proposed 
the  following  resolutions : — 

^'  1.  That  in  the  opinion  of  this  meeting  of  representatives  ot 
the  varions  iron-making  districts  of  Great  Britain,  it  is  desirable 
to  take  steps  for  the  eatablishmeut  of  aii  Iron  and  Steel  Institute 
for  the  discussion  of  practical  and  scientific  questions  conQectad 
with  the  manufacture  of  iron  and  steel. 

"  2.  That  it  is  desirable  to  base  the  rules  of  the  proposed 
ins titu Lion  npon  the  general  principle  adopted  by  the  Civil 
and  Mechanical  Kut^dneers'  and  other  kindred  societies,  ri^iidly 
excluding  all  questions  connected  with  wa<,'es  and  trade  regu- 
lations/' 

These  resolutions  having  been  carried  unanimoualy,  a  pro- 
visional committee  was  formed  to  represent  the  various  iron- 
making  districts,  selected  from  the  Nortli  of  England,  West 
Coast,  North  and  South  Sta0brdshire,  South  Wales  and  Mon- 
mouth, Shropshire,  Sheffield,  Derbyshire,  and  Scotland.  At  a 
meeting  of  this  committee  in  the  Westminster  Palace  Hotel, 
December  17,  1868,  over  which  Mr,  Lowtliian  Bell  presided, 
rules  were  drawn  up,  and  it  was  resolved  that  the  Duke  of 
Devonshire  should  be  requested  to  become  the  first  President 
of  the  Institute.  On  January  5,  1869,  the  first  voting  list  of 
candidates  for  membership  was  issued.  This  included  101 
names  given  in  by  the  members  of  the  provisional  committee. 
The  first  general  meeting  was  held  io  Westminster  Palace 
Hotel,  Mr,  Lowthian  Bell  presiding.  Tiie  Duke  of  Devon- 
shire^  K.G.,  was  elected  President,  Tlie  Vice-Presidents  and 
Members  of  the  Council  were  also  elected,  Mr.  David  Dale  of 
Darlinyton  being  appointed  Treasurer,  and  Mr.  John  Jouea  of 
Middlesbrough,  Secretary.  Thus  was  successfnlly  formed  the 
Institute  of  which  you  are  members.  Tiie  Duke  of  Devonshire 
delivered  his  inaugural  address  on  June  3i3,  1869,  in  the  hall  of 
the  Society  of  Arts,  and  for  thirty -two  years  the  Iron  and  Steel 
Institute  has  continued  to  Nourish  as  one  of  the  institutiooB  of 
Great  Britain,  having  a  membership  extending  to  most  countries 
of  Europe,  and  to  America,  India,  Japan,  nnd  AustralJa.  It  is 
impossible  to  speak  too  highly  of  its  work,  for  it  has  done  much 
to  develop  and  spread  exact  knowled^^e  in  connection  with  suc- 
cessful and  economic  manufacture.     Its  deliberations  have  been 
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presided  over  by  many  of  the  giants  of  our  industry,  many  of 
whom,  we  are  sorry  to  say.  have  passed  away  ;  on  the  other  Iiaud, 
it  is  with  feelings  of  greatest  pleasure  that  we  realise  that  one 
of  the  earliest  of  our  Presidents  is  still  with  us.  In  his  admir- 
al de  Presidential  Address,  my  preilecesaor  in  the  chair,  Sir 
William  Koherts- Austen,  gave  so  excellent  and  complete  a 
history  of  our  lustitute  in  his  tributes  to  the  work  of  past 
Preside  tits,  that  it  is  needless  for  me  to  give  you  any  further 
details  in  that  direction^  Following  in  the  footsteps  of  so 
formiduhle  au  array  o!  great  workers,  I  feel  most  fully  the 
difficult  task  1  have  umlertakeii  iti  accepting  the  position  to 
which  you  have  elected  me,  but,  with  the  example  of  so  many 
able  predecessors   before  me,  it  shall  be  my  constant  endeavour 

»to  maintain  the  character  of  our  Institutei  of  which  1  have  had 
the  honour  ot  being  a  member  from  its  commence ment* 


Thk  Valur  of  Reseakch. 


One  of  the  leading  features  in  the  work  of  the  Institute  in 
the  past  lies  in  the  fact  that  it  has  been  the  medium  whereby 
much  valuable  research  work  has  been  placed  at  the  disposal  of 
its  members  and  the  whole  metallurgical  world.  Up  to  the 
present  we  have  not  been  able  to  offer  any  direct  encourage* 
ment  to  workers  in  this  line,  but  owing  to  the  munificence  of 
Mr,  Andrew  Carnegie  we  have  now  at  our  disposal  a  sum  of 
£6500  for  the  founding  of  scholarships  and  medals  for  re- 
search work  in  the  development  of  iron  and  steel  manufacture. 
r[t  is  to  be  hoped  that  such  prizes  will  encourage  those  who 
are  already  working,  and  induce  others  to  join  the  same  army, 
with  consiiierable  benefit  ultimately  to  our  industry.  As  to 
the  value  of  research  in  the  solutiori  of  metallurgical  problems, 
and  the  improvement  of  our  methods  of  manufacture,  tliere  can  be 
ao  question*  If  we  glance  thrau^h  the  records  of  our  Institute, 
we  cnn  find  msiny  examples  that  be^u*  this  out*  Take  for  in- 
stance the  basic  process.  The  way  to  success  was  undoubtedly 
pointed  out  by  the  teachings  of    Percy  and    Griiner,  followed 

IP  by  the  research  work  on  dephosphorisation  of  Snelus,  Edward 
liley,  Jordan  of  Piiris,  and  Stead.  Thomas  himself  admitted 
mt    these    investigations   bad    been    of    the   greatest    assist- 
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ance  to  him*  The  Saniter  deanlphuriaing  process,  bj  wliicb 
thousands  of  tons  of  good  steel  have  beeu  aiade  fram  pig  mm 
quite  unfit  if  used  without  the  desulphuriserj  was  founded  on 
pure  laboratory  experiment  conducted  by  Saniter  himaelf.  The 
reaearch  of  Stead  into  the  effect  of  arsenic  on  steel,  proving  thifi 
element  not  so  pernicious  as  was  at  one  time  thought,  has  opened 
up  the  use  of  ores  which  were  previously  condemned  on  account 
of  their  arsenic  contents^  The  investigations  on  the  heat 
treatment  of  steel  by  Brinell,  Tschernoff,  Osmond,  Howe, 
Sauvenr,  Koberts-Ansten,  Stead,  Arnold^  and  CampioQ  have 
|j;iven  us  the  coiTect  temperatures  and  treatment  which  steel 
must  undergo  to  produce  the  best  structure  with  the  best 
mechanical  tests.  In  the  Iran  Age  for  December  20,  1900^ 
there  was  given  an  account  of  some  radical  changes  in  the 
arrangements  of  the  Edgar-Thomson  Steelworks  of  the  Carnegie 
Company^  carried  out  by  Kennedy  and  Morrison  to  introduce 
a  new  method  of  rolling  rails  founded  on  the  facts  brought  to 
light  by  the  researches  on  heat  treatment*  The  work  of  Had- 
field  on  the  effect  of  manj»auese  produced  that  wonderfully  uaefnl 
material  known  as  manganese  steel.  Many  more  illustrations 
of  the  value  of  research  work  in  the  preparation  of  new  alloys 
of  iron  might  be  given.  Theae  examples,  however,  fully  illus- 
trate the  value  of  research,  and  in  the  future  develo^nnents  of 
the  manufacture  of  iron  and  steel,  research  will  of  necessity 
play  an  important  part. 


Peoblems  m  Metallurgy  awaiting  Solution. 

In  the  progress  of  the  past  century  certain  achievements 
stand  out  more  promineutly  than  others.  Two  of  the  most 
important  are,  the  reduction  of  waste,  and  the  utilisation  of 
waste  by-products  in  all  manufactures.  Comparing  the  be- 
ginning with  the  end  of  the  century,  we  find  a  wonderful  and 
enormous  change  in  the  economy  of  the  production  of  a  ton  of 
iron  or  steel.  Many  things  are  responsible  for  this  very  satis- 
factory result,  among  which  may  be  mentioned  the  application 
of  hot- blast  by  Neilson,  the  inventions  of  Bessemer  and  Sieuiene^ 
the  great  increase  in  the  si^e  of  furnaces  and  tlie  power  of  on? 
machinery,  and  last,  but  by  no  means  least,  a  better  understand* 
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^ing  of  the  various  phenomena  of  iron  smelting  and  sut>seqnent 
treatment*  Bnt  though  we  have  advanced  ho  greatly,  there  are 
still  many  problems  in  our  iron  and  stet^l  industries  awaiting 
solution ;  problems  tonching  the  prevention  of  waste  and  the 
utiliBatioa  of  waste  by-products. 


Waste  Hbat  in  Blast- Fdknacb  Working. 


H  There  are  two  items  of  waste  heat  in  our  blast-furnace 
I  operations  which  must  be  self-evident  to  all  who  have  watched 
the  tapping  of  furnaces,  namely,  the  loss  of  the  heat  coutaiaed 
in  the  iron  and  the  slag*  Using  the  heat  requireitieuts  given 
by  Sir  Lowtliian  Bell  in  bis  monumental  work  on  the  **  Principles 
of  the  Manufacture  of  Iron  and  Steel/'  it  is  very  easy  to  calculate 
these  amounts  of  waste  heat.  Taking  the  iron  first,  the  results 
are  as  follows  : — 

Heat  lost  in  100  tons  of  pig  equivalent  to  4'125  tons  of  coal. 
Thus  m  a  bUst-furnace  plant  producing  say  100,000  tons  yearly, 
the  heat  lost  in  the  iron  will  equal  4125  tons  of  coaL  The  total 
make  of  the  Cleveland  district  approximates  2^  millions  yearly, 
and  the  heat  in  this  weight  of  iron  will  be  equal  to  92,800  tona 
of  coaL  If  in  all  our  various  manufactures  it  were  possible  to 
use  the  whole  of  the  pig  iron  made  direct  from  the  blast-furnaces 
in  the  molten  condition,  in  our  foundrieSf  ironworks^  and  steel- 
works, the  problem  of  utilising  this  waste  heat  would  be  readily 
solved.  Such  a  condition  of  things  is  not  likely  to  occur  for  some 
years  to  come,  and  though  we  do  at  present  use  some  of  this 
2 J  million  tons  direct  for  the  nmniufacture  of  steel,  the  amount 
so  used  is  not  a  very  large  proportion.  All  the  rest  is  cast  into 
pigs,  and  the  heat  lost  The  problem  to  be  solved,  therefore »  is 
how  to  cast  the  iron  into  pigs  and  utilise  its  heat  also.  The 
method  of  casting  in  sand  is  still  by  far  the  most  universal  one, 
and  most  of  the  iron  so  cast  is  judged  by  fracture  as  regards 
quality.  Judgment  by  fracture  only  is,  however^  decreasing  in 
importance ;  the  composition  as  shown  by  analysis  is  considered 
the  best  guide.  Hence  casting  in  sand  might  be  done  away 
|with,  and  soiue  methoil  of  custiu'^  adopted  which  would  utilise 
jme  of  the  lieat  now  allowed  to  go  to  waste* 
The  heat  in  the  slag  is  a  more  eerious  item  of  waste  than  in 
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the  case  ot  the  iron*     A   furnace  working  on  Cleveland  iron- 

afcone  produces  30  cwL  of  slag  per  ton  of  pig,  or  150  cwt.  of 
slag  to  100  tons  iron.  The  heat  m  150  tons  of  slag  is 
equivalent  to  10*3  tons  of  coal  Thus  in  a  blast-furnace  plant 
producing  100,000  ton©  Cleveland  pig  yearly,  the  heat  lost 
in  the  slag  will  be  equivalent  to  10,300  tons  of  coal.  The  total 
make  of  Cleveland  pig  approximates  1,300,000  tons,  carry iug 
with  it  1,950,000  tons  of  slag.  Add  to  this  720,000  tons  of 
slag  produced  in  the  manufacture  of  other  kinds  of  iron,  and  we 
get  a  total  of  2,670,000  tons  produced  yearly  in  the  Cleveland 
district  The  heat  in  tliis  weight  of  skg  is  equal  to  183^340 
tons  of  coal,  and  if  we  add  to  this  the  loss  in  the  iron,  the  total 
amounts  to  276,140  tons,  over  a  quarter  of  a  million.  At  lOs- 
per  ton  this  is  equal  to  £138.0 70 »  representing  the  value  of  the 
waste  heat  in  the  iron  and  slag  of  the  Cleveland  district. 

It  would,  of  course,  be  impossible  to  recover  all  this  waste 
heat  and  apply  it  to  some  useful  purpose,  hut  a  large  proportion 
of  it  should  he  reclaimed — a  problem  for  metallurgists  and  eu- 
gineers  to  solve. 

As  far  as  I  know,  only  Sir  Lowthian  Bell  iu  this  country  has 
attempted  to  utilise  the  waste  heat  in  the  slag.  Some  years  ago 
he  took  out  two  patents,  the  first  being  as  follows :  The  slag 
ball  was  run  into  a  bath  of  water  under  a  saltpan,  the  steam 
rising  underneath  the  pan  and  heating  the  brine*  Tliis  was  not 
successful. 

Iu  the  second  patent,  the  slag  balls  were  run  into  a  brick- 
lined  chamber,  the  roof  of  which  was  a  saltpan,  and  the  exhaust 
steam  from  the  blast-engines  was  turned  into  this  chamber. 
When  the  balls  were  in  the  temperature  rose  to  500**  to  600"*  F,, 
the  steam  before  going  in  being  about  212*^.  This  was  sufficient 
to  evaporate  the  brine,  and  for  some  time  salt  was  manufactured 
in  this  way.  The  brine  contained  22  per  cent,  of  salt,  the  pans, 
were  20  feet  square,  and  44  lbs,  to  47  lbs.  of  salt  per  square  fcNst 
of  pan  was  made.  This  was  also  abandoned  owing  to  the  action 
of  the  heat  on  the  bogies,  as  the  chamber  acted  almost  like  a 
soaking-pit,  and  also  if  a  ball  1  jurat  inside,  it  practically  meant 
cooling  down  the  chamber  so  that  men  could  go  in  and  clear 
away  the  destruction.  This  naturally  meant  a  stoppage  of  the 
pan  dnring  the  cooling  down  and  clearing  of  the  chamber. 
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There  is  one  directioia  in  which  the  heat  of  the  slag  might 
utilised,  that  is,  in  the  drjing  of  wet  ores  which  are  used 
rect  in  the  blast- fur n ace.  The  ores  from  Bilbao  often  contain 
over  10  per  cent,  of  moisture.  Taking  the  percentage  of  mois- 
ture in  the  mixture  used  for  the  furnace  charge  at  8  per  cent, 
there  will  be  3 '04  cwts^  of  water  in  the  38  cwts*  of  ore  required 
to  make  a  ton  of  hsematite  pig  iron.  The  evaporation  of  this 
water  will  use  heat  equivalent  to  0*407  cwt.  of  coke  as  burnt  in 
the  blast-furnace.  This  means  2-35  tons  of  coke  per  100  tons  of 
pig,  or  about  IBi  tons  per  furnace  per  week  If  we  could  dry 
these  ores  by  the  waste  heat  of  the  slag  not  only  should  we 
save  coke,  but  the  furnace  would  work  much  more  freely. 
When  the  ores  are  wet  and  in  a  sticky  condition,  a  perfect 
mixing  of  ore,  cokcj  and  limestone  in  charging  is  not  easily 
attained,  the  ore  remaining  in  sticky  masses,  causing  irregular 
working  and  liability  to  hanging.  Also  the  gases  are  so  full  of 
steam  that  they  burn  very  badly,  and  where  a  plant  is  making 
nothing  but  hfiematite  pig  it  is  often  difficult  to  keep  up  full 
steam  pressure  without  firing  the  boilers  with  coal  to  a  small 
extent* 

This  question  of  waste  heat  is  one  which  touches  all  depart- 
ments of  iron  and  steel  manufacture ;  but  what  I  have  said 
above  shows  very  clearly  that  in  blast-furnaces  alone  there  is 
a  mine  of  wealth  in  waste  heat  waiting  for  some  one  to  success- 
fully tap.  This  is  certain,  that  the  time  will  come  when  it  will 
be  a  problem  which  will  have  to  be  tackled  and  solved  if  it  is 
possible  to  do  so* 


I  uuii349t 


UHLISATION    OF   WASTE    By-PHODUCTS. 


The  principal  by-products  of  the  blast-furnace  are  gas  and 
slag.  The  former  has  for  many  years  been  successfully  applied 
for  heating  stoves  for  the  hot  blasL  and  raising  steam  for  the 
blowing  engines,  pumps,  lifts,  Sec.  Seeing  that  in  a  well- 
appointed  plant  the  waste  gases  are  sufficient  to  supply  all  the 
needs  of  the  working  of  the  furnaces,  it  would  seenj  at  first  sight 
that  this  waste  product  is  being  fully  utilised.  But  the  problem 
'of  using  this  gas  in  gas  engines,  and  so  prodrv- -  -  -  :  direct, 
[ha$  of  late  years  engaged  the  minds  of  en.  aR^ttil*- 
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lurgista  at  home  aud  abroad.  Though  more  experimental  worli 
in  this  direction  has  been  carried  on  abroad  than  in  this  countij^ 
— notably  by  the  John  Cockerill  Corapauy  of  Serai ng^ — it  is  only; 
tair  to  mention  that  one  of  our  viGa-presidentBi  Mr,  James  Riley, 
waB  one  of  the  first  to  apply  in  a  practical  though  limited  waw 
Thwaite's  ay  stem  of  utilisiug  the  power  in  the  gases  at  the  Wisbaifl 
blasMurnaces  of  the  Glasgow  Iron  and  Steel  Company  some  six 
years  ago*  In  the  last  two  years  we  have  had  two  papers  on  the 
subject  by  Mr,  A.  Greiner,  Member  of  the  Councilj  and  the  new 

iiyEtem  appears  to  have  derived  a  great  impetus  by  the  sucoesi. 
of  the  gas  engine,  which  was  shown  by  the  Cockerill  Company 
at  the  Paris  Exhibition,  In  Mr.  Greiners  first  paper  he  quoted 
figures  showing  a  surplus  of  2000  horse-power  per  100  tons  of 
ilaily  make  of  pig  iron,  whichj  in  order  not  to  be  over  sanguine, 
he  reduced  to  an  estimate  of  1000  horse-^power  per   100   tons  of 

I  pig.  In  my  firm's  plant  of  three  furnaces  at  Thornaby  the 
figures  work  out  as  follows : — - 

Total  gas  per  hour,  2,628,000  cubic  feet     Half  of  ibis  is 
used  by  the  hot-blast  stoves,  and  about  239,000  cubic  feet  by 

kthe   boilers  which   supply   the  gantry   lift,  leaving    1,075,000 

rcubic  feet  for  raising  steam  for  the  blowing  engines,  pumps,  and 
furnace  hoist.  Taking  the  requirements  of  a  gas  engine  at 
130  cubic  feet  of  gas  per  horse- power  per  hour,  this  1^075,000 
cubic  feet  of  gas  is  capable  of  producing  8269  liorse-power, 
The  horse -power  of  the  blast  engines^  pumps,  and  furnace  hoist 
engine  total  1388,  leaving  a  surplus  of  6881.  Taking  an 
ordinary  day's  make  at  350  tons,  this  gives  1900  horse-power 
per  100  tons  in  favour  of  gas  engines.  This  calculated  result 
comes  out  very  close  to  the  figures  quoted  by  Mr.  Greiner,  but 
if  to  be  on  the  safe  side  we  take  his  reduced  estimate  of  1000 
horse-power  as  the  surplus,  we  get  a  wonderful  result  when 
taken  over  such  a  district  as  Cleveland,  The  make  per  day 
approximates  6100  tons,  and  at  1000  horse-power  per  100 
tons  we  have  a  surplus  of  61,000  horse-power,  equal  to  the 
consumption  of  more  than  half  a  raillion  tons  of  coal  per  year* 
The  uses  that  this  power  might  be  put  to  are  endless j  driving 
all  the  machinery  in  the  works,  and  supplying  electric  light  and 
power  Ifor  outside  consumption.  Though  this  problem  of  utilis- 
ing   blast-furnace    gases    is   not  yet  completely   solved,   I    feel 
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Utilisation  of  Slag, 


eertatu  il  very  sooa  will  be,  and  we  may  see  the  day  when,  as 
mj  predecessor  somewhat  humorously  suggested,  our  blast- 
ilniAceB   will    be    power    producera,   with    the    pig  iron    a   by- 

^^MTe  cfta  now  arrive  at  an  estimata  of  the  waste  gotug  on  in 
PB  blaal^furDaces  of  the  Cleveland  district : — 

Hofse-power  in  the  gases^  61»000. 
■MTaste  heat  in  the  iron  and  slag,  equal  to  2 7  6, HO  tons  of 
^H,  or  31,500  horae-power. 
^VotAl  power  going  to  waste,  92,500  borse-power, 
^^frhe  horse- power  of  Niagara  Falls  is  estimated  at  7,00 0,0 00* 
PSe  amount  at  present  supplifid  by  the  Niagara  Fall  Hydraulic 

Ker  and   Manufacturing  Co,   is   about   30,000,     Our   waste, 
,  may  be  looked  on  as  a  small  Niagara,  which,  if  we  could 
IB  the   form  of  a  waterfall,  would  very  speedily  convince  us 
S enormous  amount  of  energy  being  lost 
total  make  of  slag  in  the  Cleveland  district  is   2,670,000 
early.     Many  attempts   iu   the  past  have  been  made  to 
ntiliae  it  and  turn  it  to  some  useful  purpose,  with  more  or  less 
Mooesa;   but  the  accumulation  of  slag  goes  on,  and  great  useless 
QStaigbtly  heaps  are  extending    in   all    directions.     A   stranger 
bum  the  South  of  England  passing'   by  otie  of  these  huge  slag 
hjlb  one   rather  mi^ty  day  caught  a  glimpse  of  it  through  the 
naoke  and   fog,  and   thinking  it  one  of  the   famous  Cleveland 
^tilll^  was  anxious  to  know  the  name  of  it.      It  certainly  was  a 
^KirtJaiiii  ''bill"  but  not  such  as  he  was  thinking  of.     Many 
^Bs  at  Middlesbrough  not  having  tipping-grouud  have  to  send  it 
H  to  aea  at  a  cost  of  over  a  shilling  per  ton  of  iron, 

Thts  principal  naes  of  slag  at  present  are  road  metal  and 
paviog  blocks,  or  scoria  blocks,  as  they  are  called.  It  also 
faniBS  the  basis  of  artificial  stonework  and  concrete  flagging, 
but  thaee  consume  only  a  small  portion  of  the  total  make,  and 
tlie  problem  is  to  succeed  iu  the  directions  in  which  others  failed 
m  the  past,  and  also,  if  possible,  find  other  and  more  extensive 
lamia  af  utilisation. 

Tbe  atttiDg  properties  of  granulated  slag  or  slag  snnH,  when 
1801, — i-  0 
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suitably  treated,  have  long  been  known*      In   ISST  Mr.  J.  £.1 
Stead  read  a  paper  before  the  Cleveland  Institution  of  EQgineea^l 
on  ''Hydraulic  Cement  from  Cleveland  Slag.''     The  process  hti 
described  consisted  iti  mixing  and  ^rrinding  to  an  impalpable  fine  I 
powder  V5  per  cent,  dried  slag  sand  and  25  per  cent,  slaked  drrl 
lime.     The  powder  so  produced  is  slag  cement.     In  strength  it  I 
compared  most  favourably  with    Fortknd    cenaeat,   and    there! 
ijeemed  every  probabOity  of  the   process   being  a  success,  aodi 
nm  important  induBtry  established.     Tlie  main  element  in   tbf  I 
success  of  the  cement  rests  in  the  extreme  fineness  to  which  it  I 
is    ground^  and    this    proved    the  main    ditliiculty,  as   grinding  I 
machinery  was  speedily  destroyed  by  the  slag  sand.    Since  thes,  | 
however,  grinding  machinery  has  been  very  much  improved,  and  I 
there  seems  no  reason  why  this  manui'acture  should  not  be  taken  1 
up  again  »nd  made  a   success.       The   Skinningrove   Iron    Co.  J 
have   given  us  a  very  practical  example  of  what  can  be  done] 
with  slag  cement,  for  their  shipping  pier  is  constructed  with  thisl 
material.       Tht^   important   point   about   this    pier    is  that   the  I 
cement  was  made  from  ordinary  slag,  without  any  desulphurising  i 
process  being  adopted,  and  contrary  to  the  arguments  as  to   the 
disintegrating    effect    of  the   sulphur,   in   the   form  of    calcium  ^ 
sulphide    turning    to    sulphate,   and    the    speedy  destruction  of 
the  pier   in   consequence,   it   shows   to-day   no   such    signs    of 
decay*     On  the  Continent  great  progress  has  been  made  in  the 
manufacture  of    slag    cement.       Some  interesting  details   were 
given  by  Mr.  C.  von  Schwarz  in  his  paper  read  before  the   Iron 
and  Steel  Institute  last  year. 

For  some  years  Messrs,  Wilsons,  Pease  &  Co.j  under  the 
direction  of  Mr.  Charles  Wood,  manufactured  at  the  Cleveland 
Slag  Works,  Middlesbrough,  bricks  from  slag  for  building  pur- 
poses. Slag  sand  mixed  with  selenitic  lime  was  pressed  in 
bricks  in  a  brick  press,  stacked  under  wooden  sheds  to  air* 
harden  for  seven  days,  and  then  in  the  open  air  for  five  to  six 
weeks  to  further  harden,  at  the  end  of  that  time  being  ready  for 
the  market.  The  selenitic  lime  was  composed  of  80  per  cent. 
unslaked  lime,  10  per  cent,  raw  gypsum,  and  10  per  cent,  iron 
oxide,  and  6  cwt.  of  this  mixture  was  used  per  1000  bricks. 
Buildings  constructed  of  these  bricks  twenty  years  ago  are  in  a 
very  good  state  of  preservation  st  the  present  time,  the  bricks  i 
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being  both  hard  and  touglh  Many  thousands  were  shipped  to 
Loll  don.  Their  price  was  at  that  time  12s.  per  thouaand,  which 
did  not  leave  much  margin  for  profit,  but  si^ei ng  the  present 
high  pricea  of  building  tnaterials,  there  would  be  a  better 
cliauce  of  the  manufacture  proving  remunerative*  The  appetir- 
ance  of  the  bricks  is  somewhat  against  tbem^  being  of  a  dull 
grey  colour. 

Slag  sand  ground  fine  in  a  morbar-mitl  with  6  per  cent,  slaked 
lime  produces  an  excellent  mortar.  It  sets  rather  quickly,  a 
disadvantage  in  one  way,  as  mortar  left  over  the  week-end  is 
useless  on  the  Monday,  Mn  T,  Kirk,  of  the  Carlton  Iron  Com- 
^mny,  informs  me  that  for  many  years  he  has  not  used  any  lime 
at  all  tor  mortar,  all  for  bis  building  operations  haviu^^  been  made 
out  of  slag.  He  grinds  together  a  limey  slag  and  a  quarter  of 
its  weight  of  old  brick  rubbish,  with  a  i^^w  clinkers.  A  good 
pug-mill  is  required*  and  it  is  essential  that  the  grinding  be 
done  most  thoroughly*  Sometimes  granulated  slag  is  used. 
This  mortar  sets  rather  slowly^  but  sets  very  hard.  In  a  town 
like  Middlesbrough,  where  buildintr  operations  are  always  being 
extensively  carried  on,  mortur  could  be  supplied  at  a  constant 
and  cheap  rate. 

Slag  wool  is  still  nmnul'ac tared,  and  the  production  of  scoria 
blocks  is  iucreasitig*  The  latter  are  now  being  shipped  frum 
Middlesbrough^  and  if  they  were  better  advertised  and  the  sale 
pushed,  a  much  greater  demand  would  undoubtedly  be  created, 
particularly  as  their  value  for  paving  purposes  lias  iieen  so  clearly 
demonstrated  in  the  towns  of  the  Cleveland  district. 

Blast-furnace  slag  which  is  sufficiently  soluble  to  become 
decomposed  in  the  sofl  has  some  value  as  a  fertiliser,  not  only 
for  ihe  lime  it  contains,  but  also,  probably »  for  its  contents  of 
silica. 

But  in  spite  of  all  these  more  or  less  successful  attempts  at 
the  utilisation  of  slag,  we  are  practically  as  far  off  as  ever  in 
getting  rid  of,  usefully,  this  costly  and  unwieldy  waste  product. 
It  has  been  clearly  shown  that  useful  materials  can  be  made 
from  it,  and  the  problem  before  us  is  to  make  their  manufacture 
a  success  commercially,  and  at  the  same  time  find  out  some 
other  means  of  utilisation  which  will  use  up«  if  possible,  all  the 
sla^'  made* 
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The  Extraction  of  Cyanide  from  the  Blast-Fuenack. 

In  Bell's  "  Principles  of  the  Manufacture  of  Iron  and  Steel,* 
analyses  of  the  fume  at  different  levels  of  an  80-feet  fomace 
are  given.  At  a  distance  of  26|  feet  from  the  tuyeres,  the  fume 
contains  89-2  per  cent  potassium  cyanide.  The  demand  for  this 
substance  has  of  late  years  increased  enormously,  owing  to  its 
extensive  use  in  the  gold-fields.  Attempts  are  now  being  made 
to  extract  it  from  blast-furnace  fume,  by  inserting  tubes  about 
the  boshes,  drawing  off  the  fume,  condensing  and  collecting  the 
potassium  cyanide.  Should  this  prove  successful,  it  will  become 
a  valuable  by-product. 

The  Production  of  Pure  Pig  equal  to  best  Swedish. 

The  demand  for  Swedish  pig  for  high-class  steel  exceeds  the 
supply.  Why  not,  then,  in  this  country  produce,  as  they  are 
doing  at  Johnstown  in  America,  pure  pig  to  meet  this  demand  ? 
The  method  used  is  Bell's  washing  process,  using  hasmatite  pig 
and  conducting  the  operation  in  a  Pernot  revolving  furnace.  By 
this  means  a  material  is  made  very  low  in  silicon,  manganese, 
sulphur,  and  phosphorus,  and  may  be  used  for  the  same  purpose 
as  Swedish. 

This  subject  of  problems  in  metallurgy  has  been  but  touched 
upon  in  the  foregoing,  and  those  more  intimately  acquainted 
with  the  needs  of  steel  manufacture  than  I  am,  could  no  doubt 
point  out  many  more  such  problems,  and  none  of  our  young 
metallurgists  need  despair  of  finding  something  to  work  at  for 
the  future  development  of  our  industry. 

The  Pure  Iron  Ore  Supply. 

By  far  the  greater  part  of  our  steel  in  this  country  is  made 
by  the  acid  Bessemer  and  Siemens  processes,  requiring  a  pore 
pig  iron  as  low  in  phosphorus  as  possible.  The  question,  then, 
of  the  supply  of  pure  ore  to  make  this  class  of  pig  iron,  is  one 
which  will  have  to  be  faced  by  us  in  the  near  future.     Our  only 
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native  supply  of  pure  ore  of  the  Cumberland  district  is  mpidly 

Papproaching  exliaiistion.     In  many  works  the  ore  now  used  is 

of  very  much  lower  yield  of  iron  thim  it  used  Vo  be*  and  Spanish 

and  other  foreign  ore  is  being  imported  in  increasing;  quantities 

Lto  help  out  the  local  supply.     On  the  east  coast  and  in  other 

^Bhfemadte  iron-making  districts,  nothing  but  foreign  ore  is  used, 

^■fche  greater  part  coming  from  Bilbno,      We  often  liear  reports  of 

^^he  near  exhaustion  of  this  famous  deposit,  and  recently  it  was 

stated  that  the  end  would  be  seen  within  a  few  years*  time,     I 

have  no   means  at   hand    for  verifying  this   estimate,  and   the 

Bilbao  exports  of  the  last  five  years  do  not  enlighten  us.     These 

statistics  are  taken  from  C.  E,  Mailer  &  Co/s  annual  report, 

and  include  the  ore  also  shipped  frotn  north  Spanish  ports  near 

Bilbao  :— 


1896 
1898 


5.017.000 
4,050»80S 
4.S33J41 
6,864,174 

r»,26@,420 


^ 


Though  there  was  a  steady  decrease  from  1806,  there  was  a 
sudden  increase  of  over  one  million  tons  in  1899,  the  highest 
export  on  record.  Last  year  showed  a  decrease  of  600,000 
tons,  but  whether  due  to  diminished  supply  or  diraiuished  demand 
we  cannot  tell.  But  with  regard  to  the  "quality*'  of  the 
ordinary  Bilbao  ore  which  goes  by  the  name  of  Rubio,  I  can 
speak  more  definitely  from  personal  experience*  The  percent- 
age of  iron  is  steadily  decreasing,  and  if  the  decrease  goes  on  at 
the  present  rate  it  will  not  be  long  before  this  ore  will  be  too 
poor  in  iron  to  pay  cost  of  carriage  and  smelting,  I  have  taken 
from  the  laboratory  reports  at  Thornaby  the  average  composition 
of  the  cargoes  of  this  ore  received  in  the  last  eleven  years,  1890 
to  11)00  inclusive  (Appendix  A.),  llie  results  are  plotted  in 
curves  (Plate  I.),  and  sliow  at  a  glance  the  steady  decline  in  the 
quality.  Briefly  it  may  be  stated  that  whereas  the  averarje 
composition  for  1890  was — 


Ir*jn  in  dry  itnte 
Moiflttirft'     ^         ,         .         .. 
Iron  in  ttic  or*  n*  r«c«lvci4 
Stlicn  in  tb*  Are  m  n«fliT«d 


Per  Cent, 
5&fjO 

7'in 
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The  average  for  1900  was — 

Per  Cent. 

Iron  in  drj  state 52*80 

Mouture 9*10 

Iron  in  the  ore  as  received 47*99 

Silica  in  the  ore  as  received 10*09 

Tiiis  decrease  of  2*5  per  cent,  in  the  iron,  and  increase  of 
2*99  per  cent,  silica  in  the  ore  as  received,  may  not  at  first 
sight  appear  very  alarming,  but  if  the  effect  on  the  weight  of 
raw  materials  used  in  a  year's  working  is  considered,  the 
seriousness  of  the  difference  is  more  apparent. 

To  make  a  ton  of  pig  iron,  1*821  tons  of  ore  of  the  composition 
shown  for  1890  would  l>e  required,  but  in  1900  it  would  be 
1*917  tons.  Our  make  at  Thornaby  approximates  125,000 
tons  of  pig  iron  yearly,  made  from  a  mixture  of  which  Bilbao 
Bubio  ore  forms  half  to  two- thirds,  but  in  order  to  more  fully 
illustrate  the  deterioration  of  this  ore  we  will  suppose  nothing 
butRubio  is  used.  Then,  to  produce  125,000  tons  of  pig  there 
would  be  required  227,625  tons  of  ore  in  1890,  but  in  1900 
the  weight  of  ore  would  have  to  be  increased  to  239,625  tons 
to  make  the  same  weight  of  iron,  an  increase  of  12,000  ton& 
The  comparison  does  not  end  here,  however,  for  practically  the 
whole  of  that  12,000  tons  is  increased  earthy  matter  which 
would  have  to  be  fluxed  and  passed  off  as  slag.  The  silica  in 
1890  is  7*10  per  cent.,  and  in  1900  10*09  per  cent.,  giving 
16,160  tons  and  24,178  tons  of  silica  respectively  in  the 
weights  of  ore  quoted  above.  This  is  an  increase  of  8018 
tons.  The  proportion  of  silica  to  lime  in  a  hematite  slag 
(when  the  alumina  is  12  to  14  per  cent,  and  the  magnesia  4 
to  6  per  cent.)  is  1  to  1*45,  so  that  this  8018  tons  of  silica 
would  require  11,626  tons  of  lime,  equal  to  22,360  tons  of  lime- 
stone. This  extra  limestone  and  resulting  extra  slag  would 
need  more  coke  for  the  decomposition  of  the  former  and  fusion 
of  the  latter,  amounting  to  over  1  cwt.  to  the  ton  of  pig,  or 
7500  tons  for  the  year.  Thus  the  decrease  in  the  yield  of  the 
ore  for  1900  as  compared  with  1890,  causes  an  increase  of 
12,000  tons  in  the  weight  of  ore,  22,360  tons  in  the  limestone, 
and  7500  tons  in  the  coke,  a  total  increase  of  41,860  tons  in 
the  raw  materials  to  produce  the  same  weight  of  iron.  Naturally 
such   a  condition  of  affairs  would  mean  either  very  much  in* 
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creased  rate  of  working  or,  what  is  more  likely,  a  diminished 
»iitput. 

In  the  light  of  such  a  showing  as  this,  one  naturally  turns  to 
the  possibility  of  tliere  being  other  deposits  near  at  hand  to  help 
yff  or  even  become  a  substitute  for  Rubio  ore.  I  myself,  in  the 
past  twelve  to  fourteen  years,  have  tried  several  diflerenb  kinds 
[>f  ore,  from  various  countries,  with  this  object  in  view.  I 
ittach  a  full  list  of  these  (Appendix  B»),  giving  the  com- 
ositionj  mechanical  condition,  and  remarks  as  to  suitability^ 
tQ,  The  value  of  these  analyses  lies  in  the  fact  that  eacli  one 
represents  the  composition  of  a  "  cargo,"  and  not  just  a  small 
sample,  and  in  some  cases  the  results  are  the  average  of  several 
cargoes.  They  are  thus  all  of  full  practical  value.  The 
countries  represented  are  Sweden p  Norway,  South  Spain,  Italy, 
Greece,  and  North  Africa.  Though  many  have  been  very  useful 
as  a  mixture  for  Knhio  ore,  it  must  be  confessed  that  in  no  case 
have  I  found  one  which  could  be  considered  an  efticient  substi- 
tute. Either  the  composition,  naechanical  condition,  costs  of 
carriage,  or  insufficient  supply  has  been  the  stumbling-block. 
When  it  is  Temembered  that  the  total  exports  from  Bilbao  and 
other  ports  in  North  Spain  to  the  north-east  coast  of  this 
country  last  year  totalled  1,708,167  tons,  and  from  all  other 
parts.  South  Spain  included,  only  655,829  tons  to  the  same  dis- 
trict, it  is  evident  that  unless  these  other  sources  are  capable  of 
very  much  increased  output,  insufficient  supply  will  be  the  main 
difficulty  in  the  event  of  the  Bilbao  district  being  worked  out* 
In  the  last  few  years  magnetic  concentration  has  been  brought 
more  prominently  forward  as  a  possible  means  of  solving  this 
question  of  the  pure  ore  supply*  The  concentration  of  iron 
ore  by  this  method  has  been  successfully  accomplished  in 
Sweden  and  in  the  United  States,  but  before  the  concentrates 
can  be  used  in  the  hlaafc-furnace  they  must  be  made  into 
briquettes,  as  the  separated  ore  is  in  a  dead  fine  condition, 
in  which  state  it  would  be  impossible  to  use  it  in  the 
furnaces.  This  must  add  to  the  cost  considerably,  and  only 
under  most  favourable  conditions  will  it  be  possible  to  look  for 
help  in  magnetic  concentration*  The  improvements  in  the  basic 
open-hearth  steel  process  that  have  already  taken  place,  and 
farther  improvements  in  the  near  future,  will  soon  make  this 
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class  of  steel  cheaper  than  any  other.  Thus,  in  order  tliat  thfl 
acid  process  may  compete  with  it,  it  will  be  necessary  to  supplrl 
haematite  pig  at  cheaper  rates.  Any  one,  therefore^  who  carefullrl 
considers  what  I  have  sliowti  with  regard  to  the  supply  of  pmfl 
ore,  must  see  that  the  poasibilities  of  a  cheaper  h»MBatite  pm 
are  not  very  hopeful,  but  rather  the  other  way,  and  the  odH 
conclusion  we  cau  come  to  is,  that  tliis  countiy  will  be  ootM 
pelled  at  do  very  distant  date  to  adopt  increasingly  the  basil 
process,  and  the  use  of  native  ore  more  BKtensively.  M 

I  THK  BB3SSM£R   Peocesb,  I 

At  the  May  meeting  last  year,  in  the  discussion  on  the  Talb^fl 
open-heartli    continuous    proceea,  Sir  Lowthian    Bell    gave    ejc-l 
pression  to  an  opinion  which  somewhat  startled  the  metallurgical  I 
world,  and  caused  many  of  us  to  regret  that  we  could  not  have] 
the  late  Sir  Henry  Bessemer  with  us  to  give  his  view  of  tin 
matter*     Brieliy,  Sir  Lowthian  stated  that,  from   his  wide    cm 
perieiice  as  one  connected  with  a  large  railway  company,  the] 
irregularity  of  the  ordinary  Bessemer  steel  mil  was  such,  thai 
in  his  opinion  the  time  was  not  far  distant — if  it  had  not  already  ! 
arrived — -when  the  Bessemer  process  would  have  to  be  abandoned, 
and  the  open- hearth  steel  process  substituted  to  satisfy  present- 
day  requirements-     When  we  consider  the  almost  incalculable 
benefits    conferred  on   mankind  in    tlie    progress    of    the     laM 
century,  in  which  Bessemer*s  great  invention  played  so  very  larg^ 
a  part,  none  of  ns  can  think  of  the  abandonment  of  the  prooes» 
without  regret.     But  sentimental  considerations  cannot  of  contBe 
be  allowed  to  rule  and  guide  us  in  sucli  a  matter,  and,  if  it  be 
found  that  the  Bessemer  process  can  no  longer  satisfy  the  re- 
quirements of  the  time,  it  will  have  to  make  way  for  better  and 
more  reliable  methods  of  manufacture*      In  this  connection  it  is 
interesting  to  recall  a  personal  incident  which  took  place  many 
years  ago.      At  the  council  meeting  of  this  Institute  on  Octob^f 
11,  1881,  I  sat  beside  the  late  Sir  William  Siemens.     Discussii 
the  merits  and  respective  costs  of    the  Bessemer  and  Siem^ 
steel  processes.  Sir  William  remarked  to  me :    "I  may  not  Ir 
to  see  the  day,  but  you  may  {you   are  a  young  man)^    when 
Siemens  steel  will  be  made  nearly  as  cheaply^  and  much  more 
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reliable  than  Bessemer  etee),**  We  shook  hands  and  putted , 
little  thinking  that  that  was  the  last  time  he  would  be  with  ua 
It  is  a  touching  memoiy,  and  one  possessing  great  interest  to 
myself. 

At  this  point  a  few  words  on  the  development  of  the  Beasemer 
steel  industry  during  the  last  quarter  of  a  century  may  be  of 
interest 

In  the  early  seventies  the  manufacture  of  steel  by  the 
Bessemer  process  was  confined  clnefly  to  South  Wales,  Sheffield, 
and  Barrow,  and  the  product  was  used  almost  entirely  for  rail- 
way material,  chiefly  for  rails  and  tyres.  In  those  days  it  waa 
the  custom  to  remelt  in  separate  cupolas  each  charge  of  care- 
fully selected  haematite  pig  iron,  which,  when  melted,  was  nui 
into  the  converter  by  means  of  a  spout*  This  method  of 
melting  was  exceedingly  costly,  not  only  on  account  of  the 
large  amount  of  coke  required,  but  also  by  reason  of  the  higli 
labour  costj  and  the  alow  speed  of  working*  At  this  time  an 
output  of  600  or  700  tons  was  cousidereil  a  fair  week  a  work  for 
a  pair  of  converters ;  the  methods  then  in  use  for  changing  and 
repairing  the  bottoms  of  the  converters  involving  a  i^ve&t  amount 
of  delay,  and  it  was  on  this  account  almost  impossible  to  work 
at  a  greater  speed,  By-and-by  improvements  were  gradually 
introduced ;  at  works  where  blaat- furnaces  formed  part  of  the 
plant,  molteti  iron  was  taken  direct  from  the  furnaces  to  the 
converters.  At  other  works  dependent  upon  cupolas,  the  cupolas 
were  improved  in  their  construction  and  charged  continuously, 
so  that  melting  was  carried  on  at  a  quicker  rate^  and  the 
adoption  of  what  is  known  as  the  Holley  bottom,  or  some 
modification  of  itj  brought  about  a  very  large  increase  in  the 
productive  capacity  of  the  converters.  Up  to  this  period  the 
procees  was  acid  only*  None  Imt  tlic  purest  haematite  could  be 
used.  Then  came  the  discovery  of  tlie  Beasemer  basic  procees 
and  its  rapid  subsequent  development*  This  process  rendered 
available  for  steel-making  purposes  not  only  the  ironstones  of 
('lev  el  and  and  Lincolnshire  and  the  huge  cimler- heaps  of  the 
Midlands,  but  it  also  enabled  our  Continental  friends  to  open 
out  and  utilise  for  steel-making  purposes  their  hirge  deposite  of 
veiy  suitable  jjhosphoric  ores  on  a  scale  which  up  to  that  feim*^ 
had  never  been  dreamt  of.     It  is  due  to  the  baflie  process 


42  ^^^^^^psraSBraE^BDRB^^^^^^^^  j 

the  Continental  steel  trade  has  made  such  strides  id  recent  yein. 
The  production  of  basic  steel  on  the  Continent  last  year  was  about 
7^  million  tooSj  ttt^'ainnt  about  800,000  tons  only  in  Great  Britaia 

That  the  basic  process  has  not  been  adopted  more  generally 
in  Great  Britain  is  accounted  for  by  the  fact  that  before  its  dis- 
covery a  large  acid  steel  industry  had  been  established ;  tnaiiy 
important  plants  were  engaged  upon  it,  and  much  capital  had 
been  invested,  not  only  upon  the  works  themselvee,  bat  also 
in  aecuriog  large  supplies  of  the  necessary  haematite  ores,  both 
in  Cumberland  and  in  Spain*  This  was  not  the  case  on  the 
Continent,  where  the  steel  industry  up  to  that  period  was  of 
comparatively  small  proportions. 

With  the  advent  of  the  Bessemer  basic  process  thaxe  waa 
gradually  developed  a  very  large  demand  for  soft  steel  or  ingot 
iron^  a  quality  of  metal  softer  and  more  suitable  for  a  variety 
of  purposes  than  had  up  to  that  time  been  produced  in  any 
large  quantity  by  the  Bessemer  acid  process.  This  demand  for 
soft  steels  has  now  grown  to  very  large  dimensions,  replacing,  as 
it  has  done  to  a  very  large  extent,  puddled  iron;  it  is  now 
being  produced  by  both  the  basic  and  the  acid  process.  In 
connectiou  with  the  basic  process  the  utilisation  of  the  slag  must 
not  be  overlooked.  At  a  very  early  stage  the  late  Sidney 
Thomas  was  so  greatly  impressed  with  its  value  as  a  fertiliser 
that  he  was  once  heard  to  say  that  it  would  not  surprise  him 
if  the  steel  became  the  by-product.  The  difficulty  in  the  first 
instance  was  how  best  to  apply  the  slag  so  that  the  land  could 
derive  the  fullest  value  from  its  manurial  properties.  After 
many  experiments  it  was  found  that  the  cheapest  and  best 
method  was  to  grind  it  into  an  impalpable  powder ;  that  when 
so  ground  and  applied  to  the  laud  the  results  compared  very 
favourably   with  those  obtained   from   superphosphatea      That 

■  this  basic  slag  or  Thomas  phosphate  is  now  a  very  important 
I  industry  is  evident  from  the  fact  that  during  1899  the  production 
I      of  Europe  was  estimated  at  1,493,000  tons.     The  figures  for  1900 

■  are  not  yet  available,  but  it  is  believed  that  the  production  for, 
H      that  year  will  prove  to  be  much  greater. 

I  After  the  introduction  of  the  slag  industry,  the  next  develop- 

H  ment  of  importance  was  the  adoption  of  the  Darby  method 
H  ef  carburising  for  hard  and  medium  hard  steels.  This  method 
^k    offected  a  considerable  improvement  in  the  Bessemer  basic 
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cess,  as  by  it  far  greater  regularity  can  be  obtained  in  the 
Iding  of  the  caxbon,  and  rephosphorisationj  which  occasionally 
took  place  on  the  addition  of  the  molten  spiegeleiseii,  has  been 

obviated. 

Laatly,  the  introduction  of  a  large  metal  mixer  between  the 
blast -furnaces  and  cupolas  and  the  converters  has  ensured  a 
def^ree  of  regularity  not  only  in  the  supply,  but  also  in  the  com- 
position of  the  metal  to  the  coiivertert  that  was  ttot  possible 
when  the  molten  iron  was  taken  direct* 

Notwithstanding  all  that  has  been  done,  chiefly  in  the  dir^- 
tioD  of  securing  larger  output  and  greater  regularity  in  the 
luct,  the  waste  in  the  Bessemer  process  remains  practically 
\e  same  as  it  was  in  the  early  days*  Although  the  purposes 
for  which  Bessemer  steel  (aeid  ami  basic)  is  now  being  used 
have  increased  enormously — fully  one  Iialf  the  make  in  this 
country  being  used  for  other  purposes  than  railway  material — 
it  eeems  probable  that  by  reason  of  cheaper  methods  of  pro- 
ducing steel,  the  Bessemer  processes  will  have  in  future  much 
more  serious  competition  than  has  been  the  case  in  the  past. 
Tlje  recent  modifications  of  the  open-hearth  process  by  Bertrand- 
Tliiel  and  by  Talbot,  aided  as  they  are  certain  to  be  by  the  labour- 
saving  appliances  already  in  snccessfnl  openition,  seem  to  indicate 
that  we  are  now  on  the  verge  of  effecting  still  greater  economies 
in  our  steel-producing  methods,  and  unless  some  means  can  be 
devised  of  reducing  the  waste  in  tlie  Bessemer  converters,  the 
Bessemer  processes,  which  have  served  the  world  so  well  in  the 
past,  are  likely  to  be  superseded* 


I 


Open-Hearth  Acid  and  Basic  Steel. 


For  regularity  and  reliability  of  product  the  Siemens  acid 
steel  process  stands  pre-eminent  By  far  the  greater  part  of  the 
open-hearth  steel  in  this  country  is  made  by  this  process,  owing 
to  the  facilities  for  obtaining  a  cheap  and  efficient  supply  of 
hBomatite  pig  iron,  and  so  long  as  such  conditions  continue  to 
.exist  it  will  undoubtedly  hold  its  own.     But  the  basic  open-bearth  j 

irocess  is  advancing  with  rapid  strides,  ami  is  seriouslv    ■*■ 
ng  the  position  of  the  acid  process  as  regards  the  clu. 

f  its  product;  and  this  fact,  coupled  with  what  I  have  &!• 
taid  on  the  question  of  the  pure  ore  supply,  would  seem  ti 
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to  the  conversion  of  many  of  the  acid  hearths  into  basic  i^H 
very  distant  date*  In  the  developments  of  the  iron  and  nH 
industries  in  the  future  the  basic  Siemens  process  will  no  doakl 
claini  most  attention.  The  great  desideratum  of  the  proce^l 
would  be  its  adaptabiiitj  to  any  class  of  pig  iroa  within  reasonabl!! 
limits,  so  as  to  avoid  making  a  special  pig  for  it.  This  ideal  I 
state  of  affairs  has  not  yet  l>een  reached^  but  the  improveDieiittI 
that  have  already  taken  place  have  considerably  widened  iu\ 
scope,  and  if  the  promises  held  out  by  the  facts  given  in  recent  I 
papers  before  this  Institute  on  the  use  of  3uid  moit^Ll  direct  from  I 
the  blast-furnace,  by  James  Riley,  Talbot,  and  Monell,  are  ful-l 
filled,  we  may  soon  get  much  nearer  the  ideal  than  we  are  at] 
present^  and  make  good  steel  in  any  district  from  local  oreiJ 
I  In  Cleveland  our  goal  has  always  been  to  make  from  the  loctll 
nig  iron  steel  of  high  quality  for  structural  purposes;  audi 
ithough  good  steel  has  been  made  by  the  basic  Bessemer  pro- 1 
cess  from  Cleveland  pig  alone,  up  to  within  a  few  yean  I 
ago  a  ** special'*  basic  pig  has  generally  been  made,  cost* I 
ing  more  than  Cleveland  pig,  from  a  mixture  of  the  locaiJ 
atone,  puddlers'  tap  cinder,  and  some  manganiferous  material  J 
either  in  the  form  of  ore  or  spiegel  slag*  Sir  Lowthian  Bell,j 
one  of  the  earliest  adventurers  in  the  Cleveland  iron  tradetj 
and  now  the  Nestor  of  the  industry^  directed  much  attention] 
to  the  development  ol  the  application  of  the  local  ore,  in  thei 
hope  of  obtaining  steel  from  Cleveland  pig  iron.  His  experi* 
ments  and  researches,  culminating  in  the  invention  of  his 
washing  process,  are  all  widely  known,  and  were  published  in 
two  papers  before  this  Institute,  and  will  be  found  in  its  Jburnai 
for  1877.  By  this  washing  procesSi  in  7A  minutes  he  removed 
10  per  cent,  of  the  carbon^  97  per  cent,  of  the  silicon,  and  95  per 
cent*  of  the  phosphorus.  By  prolonging  the  washing  process  a 
material  was  made  containing  under  0'3  per  cent,  phosphorus, 
which,  when  rolled  into  a  bar  3  inches  by  f  inch  in  tliickness, 
bent  close  double  in  the  cold.  The  energetic  dephosphorising 
eflTect  of  fluid  oxide  of  iron  was  thus  clearly  demonstrated,  and 
in  an  interesting  ezperiraent  at  the  Tudhoe  Works  of  the  Wear- 
dale  Iron  Company,  in  which  fluid  oxide  of  iron  was  added  to  m 
partly  blown  charge  of  Cleveland  pig,  the  action  was  so  violenlfl 
that  a  large  quantity  of  the  contents  was  driven  out  of  the™ 
vessel.     In  a  furnace  known  as  Price *Sj  and  used  for  puddling,  a 
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ore  intense  heat  waa  obtaiDed  than  in  the  usual  form  of  the 
uace  employed  in  producing  malleable  iron.    This  proved  suffi- 
iieot  to  melt  steely  and  thus  a  considerable  quantity  of  steel  was 
lade  from  Cleveland  pig  iron  at  the  Koyal  Arsenal,  Woolwich, 
ot  later  than   1877.      Other   questions   delayed   further  trials 
titil  late  in  the  eighties,  when  a  small  open -hearth  furnace  was 
erected  at  the  Clarence  Works.     This  afforded  results  which  led 
1899    to   the  construction  of   four  furnaces^  each  having  a 
pacity  of  40  tons.       In  these  six   different  qualities  of  steel 
e  now  produced  with  the  greatest  regularity  from  Cleveland 
ig  iron,  using  the  Saniter  desulphurising  process.      By  the  use 
I  the  desulphnriser  it  is  now  possible  to  make  good  steel  from 
ig  iron  containing  up  to  0^3  per  cent  of  sulphur,  and  if  need 
be  a  pig  containing  1  per  cent  of  this  element  could  be  success- 
fully treated,  though  of  course  at  increased  cost*    The  percentage 
of  silicon  that  may  be  preseut  in  the  pig  is  up  to  1*5  pet  cent 
To  obtain  this  in  Cleveland  iron,  without  exceptional  working 
aud  cost,  it  is  necessary  to  use  forge  iron  quality,  iu  which  the 
sulphur  varies  from  0*10  to  0*20  per   cent      Whetlier  some 
cheap  and  effective  plan  will  be  devised  iu  the  future  to  deal 
with  more  siliceous  pig  than  this,  remains  to  be  seen ;  it  is  a 
problem  for  our  metallurgists  to  work  at,  and  so  further  widen 
the  scope  of  the  basic  process.     By  the  kindness  of  Sir  Lowthian 
Bell  I  attach  a  full  list  (Appendix  C)  of  the  six  qualities  of  steel 
made  at  the  Clarence  Steel  Works,  giving  analyses  and  mechanical 
tests,     It  is  interesting  to  note  that  the  prejudices  of  engineers 
and  Lloyd's  surveyors  against  basic  steel  are  fast  giving  way, 
and  the  latter  now  accept  this  steel  for  shipbuilding  puipoaes 
as  long  as  it  complies  with  all  tests,  which  it  does  most  satis- 
factorily.     I  have   often   heard   it  said   that  steel   made  from 
Cleveland  pig  iron  would  **  never  "  make  plates.     Whether  they 
considered  there    was  some  peculiar  and  special   evil  spirit  iu 
Cleveland   stone   very   hard  to  kill,  or  what,  1  do  not  know ; 
but   "  never '"   is   a    long   time,   and    the   above   results   at  the 
Clarence  Works  prove  that  it  is  not  wise  to  be  too  emphatic  in 
one*s  prophecies. 

COKCLUSION.  i 

I  should  just  like  to  say  a  few  words  on  the  subject  of 
technical  education  in  so  far  as  it  concerns  our  use  of  it  in 
the  works  of  this  country.      It  is  being  incessantly  dinned  intf^ 
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poor  John  Buirs  e&ra  by  the  press  aud  from  public  platromal 
that  he  must  educate,  educate,  or  be  bopelesalj  left  beliioitl 
by  his  more  energetic  rivals.  The  matter  m  undoubtedly  beio^l 
taken  up  more  zealously  than  formerly  j  but  the  question  kM 
Are  we  using  that  education  to  the  best  advantage  io  our  I 
iudustries,  or  letting  much  of  it  go  to  waste,  and  the  mental 
abilities  of  our  staff  to  rust  ?  In  an  address  to  the  CleveUdl 
lustitutioo  of  Engineers,  our  latest  Bessemer  medallist^  Mr. I 
J»  E*  Steady  brought  forward  a  suggestion  which,  I  think,! 
is  worthy  of  notice*  He  is  of  the  opinion  that  id  all  I 
our  free  libraries  there  should  be  a  technical  departuieAll 
containing  the  standard  works  on  the  particular  iudiistriasl 
followed  in  the  town.  Better  still,  he  considers  that  all  our  I 
big  works  should  possess  such  a  library  of  standard  works  oal 
the  manufacture  in  which  they  are  engaged.  Periodicals,  rp-| 
Tiews  home  and  foreign,  and  proceedings  of  technical  societiei| 
should  also  find  a  place  there,  and  the  head  of  each  department  I 
should  read  up  and  review  all  current  literature  bearing  on] 
his  particular  branch  of  the  industry ^  and  point  out  to  the  he^d] 
manager  anything  he  may  find  wliich  he  considers  would  be] 
an  improvement  on  their  methods.  It  is  a  true  saying  that  hi] 
ia  a  wise  farmer  who  occasionally  takes  a  peep  over  the  fence  uA 
see  what  his  neighbour  is  doing*  A  glance  at  the  abstracts  of 
English  and  foreign  papers  relating  to  iron  and  steel,  published 
in  the  volumes  of  the  Institute's  Jaurnal,  will  show  what  » 
great  mass  there  is  of  metallurgical  iu formation  stored  up  in 
journals  and  reviews  at  home  and  abroad,  which  many  of  our 
heads  of  departments  and  men  under  them  never  see,  nor  have  a 
chance  of  seeing.  They  cannot  be  membei*s  of  all  technical 
societies,  nor  subscribe  to  all  the  journals;  and  the  result  ia 
that  many  useful  papers  full  of  information  are  lost  to  thousands 
to  whom  they  would  be  of  the  greatest  use.  This  is  a  matter 
which  our  manufacturers  must  put  right  as  soon  as  possible,  and 
so  make  sure  that  the  technical  education  given  to  our  workeis 
is  not  lost,  or  only  indiflerently  used.  That  we  shall  have  Lofl 
fight  much  harder  in  the  future  to  retain  our  proud  position^ 
is  inevitable,  and  all  of  us  will  be  required  to  put  forth  our  very 
best  energies.  Therefore  let  it  not  be  said  by  posterity  that  i  ~ 
the  battle  for  commercial  supremacy  we  sent  our  workers  j 
the  fight  inefficiently  equipped  in  technical  knowledge. 
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APPENDIX   B. 

AnalymiM  of  Ore*  frain  variawt  Cauniries^  u$ed  at  Tht^ 
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Sweden — Gellivarc, — This  A  quality  increases  the  yield   of 

ron  in  the  mixtme,  but  its  weight  limits  the  amount  that  may 

Qsed  in  our  high  furnaces*     I    found   |  work  very  satis* 

ly  with   Rubio,     These   deposits  have   been  described  in 

papers  published  in  the  Institute  Jourmtl  by  Messrs.  Jeremiah 

"Head  (1894,  No.  h  p.  47),  G.  Nordeustrom  (1898,  No.  XL  p.  36), 
and  H,  Bauernian  (1899,  No.  L  p,  55). 

I  JfonwAY—Norwe^ian, — This  was  a  sample  cargo  of  some 
extensive  deposits  in  the  north.  As  sent  to  Thorn aby  them 
were  large  masses  of  siliceous  material  which  could  easily  be 
sorted  at  the  mines^  and  so  concentrate  the  ore  somewhat 
Being  very  free  from  sulphur  and  phosphorus,  it  has  every  pro- 
inise  of  being  a  valuable  deposit.  No  further  steps  have  been 
taken  to  open  it  out  niore  fully. 

South  Spain — Abneria. — ^There  seem  to  be  several  different 
kinds  of  ore  sent  out  uuder  this  name.  The  ore  marked  A  is 
rather  poor  in  iron  and  too  high  in  sulphur  for  high -class  haema- 
tite pig.  The  high  manganese  also  limits  the  amount  which 
may  be  used  on  the  furnace  burden,  owing  to  high  manganese  in 
the  pig  having  a  very  corrosive  action  on  acid  steel  furnace  and 
converter  linings, 

B.  Yield  of  iron  low.  In  other  respects  composition  good, 
containing  a  useful  percentage  of  lime.  The  mechanical  con* 
dition  is  not  good,  containing  far  too  much  small  of  a  dusty 
character,  which  readily  blows  into  the  flues, 

I  C*  This  ore  is  too  high  in  silica  to  be  any  help  to  siliceous 
Rubio.  It  also  contains  too  much  sulphur  and  phosphorus  for 
high-class  pig. 

I  Aquilas, — Like  the  Almeria,  there  are  several  different  kinds 
under  this  name.  The  ore  marked  ^  is  a  good  one,  containing 
a  useful  amount  of  lime.  The  mechanical  condition  was  good, 
and  the  ore  worked  very  nicely.  Unfortunately  the  supply 
seemed  to  be  very  limited.     It  was  called  lied  Aquilaa. 

£  This  contains  a  very  small  percentage  of  silica  and  a  largr 
percent^e  of  lime.     It  thus  has  a  surplus  of  lime  which  ma; 
be  usefully  applied  when  mixed  with  siliceous  ores,     Tlie  coppe 
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is  high,  and  this  somewhat  limits  its  use,  though  of  late  yeai^ 
this  element  has  not  been  considered  quite  so  detrimental  a] 
formerly. 

C,  Rather  low  in  iron.  The  manganese  limits  the  amount 
that  may  be  used. 

Morata. — Pure  ore,  contains  an  excess  of  lime  over  silica. 
Here  again  the  high  manganese  limits  its  use. 

Maziirron, — Too  low  in  iron.  Same  remarks  apply  as  in  tb 
case  of  the  Morata  ore. 

Marbella. — Magnetite.  Very  dense  and  hard,  and  conse- 
quently refractory. 

Lnmineim, — A  pure  ore,  mechanical  condition  good.  Man- 
ganese too  high  for  extensive  use. 

Sevillr  and  Seville  Magmitic. — These  ores  are  high  in  sulphur, 
and  the  first  too  high  in  silica.  I  am  given  to  understand  that 
these  mines  are  now  being  worked  by  a  new  company,  and  the 
ore  will  be  better  sorted  at  the  mines,  with  a  consequent  reduc- 
tion in  the  percentage  of  silica. 

Porman. — I  have  had  but  two  cargoes  of  this,  very  widely 
different  in  composition.  It  is  not  suitable  for  high-class  haema- 
tite pig. 

Serena. — Good  ore,  but  apt  to  be  small  and  dusty. 

Garrucha, — Mechanical  condition  bad.  The  small  is  fine 
dust,  which  readily  blows  into  the  flues.  The  iron  ores  of  the 
South  of  Spain  have  been  described  by  Mr.  A.  P.  Wilson 
{Journal  of  the  Iron  and  Steel  Institute,  1894,  No.  II.  p.    182). 

Italy. — The  qualities  of  the  Elba  ore  are  so  well  known,  and 
have  been  so  fully  described  by  Mr.  H.  K.  Scott  {JourruU  of  thf 
Iron  and,  Sted  InstUxite^  No.  I.  p.  141),  that  comment  is  needless. 

Tunis — Tafna, — Rich  ore,  but  very  small. 

Brika, — A  good  excess  of  lime  in  this  ore,  but  the  phosphoros 
is  rather  high. 

Algeria — MoUa, — A  kind  of  magnetite,  rather  refractory,  and 
too  high  in  sulphur  for  best  haematite  pig. 

Greece — Seriphos. — Too  low  in  iron.  Manganese  limits  its 
use,  in  other  respects  good. 
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Mr,  Akdbew  Carnegie,  Vice-President,  who  was  very  warmly 

ceived,  said  that  in  his  opinion  the  President  had  in  many 

[{places  put   his   finger  on  the   exact  spot.     The  lesson  of  the 

ddress  was  that  they  mnat  look  at  home  and  develop  the 
material  they  had.  He  thoroughly  helieved  that  their  Cleveland 
iron  was  going  to  make  good  steel     A  young  man  had  been 

lected  as  a  member  of  the  Institute  that  morning  who  had 
come  on  the  ship  with  him  from  Homestead,  atid  who  was  to 
introduce  the  Monell  process  at  one  of  their  works.  He  was 
Ijust  as  certain  that  the  basic  process  would  succeed  here  with 
Cleveland  ironstone  as  he  was  that  it  would  succeed  in  America. 
In  the  latter  country  they  had  had  just  the  same  troubles  as  in 
England.  He  had  listened  to  men  who  had  told  him  that  this 
ore  and  that  ore  would  not  make  steelj  but  that  did  not  deter 
him  from  buying  up  every  mine  that  nobody  else  wanted.  They 
got  piles  of  Hon- Bessemer  for  a  song,  and  sold  them  for  millions. 
If  it  were  not  irreverent,  he  would  make  a  slight  adaptation  of  a 
text  to  be  found  in  the  New  Testament,  '*  Seek  ye  first  the  king- 
dom of  heaven  and  all  these  things  shall  be  added  unto  you,"  and 
would  say>  **Seek  ye  first  the  things  of  the  United  Kingdom 
and  the  markets  of  the  world  will  be  yours.*'  He  would  advise 
Englishmen  to  get  themselves  right  at  home,  and  not  to  worry 
themselves  about  things  abroad »  The  way  to  conquer  the  foreign 
market  was  to  have  control  of  their  own— that  was  the  first  essen- 

»tial.  The  men  who  were  foremost  in  the  home  market  would  beat 
all  others  in  conquering  markets  abroad.  With  regard  to  the 
Bcholarship,  he  had  in  hie  mind  a  acholarsbip  for  reaearch.  If 
the  members  could  see  the  list  of  candidates,  they  would  be 
surprised  at  the  number  and  the  eminence  of  the  men  who  were 
the  applicants  for  this  aid  to  research.  He  did  not  consider  that 
the  Institute  had  anything  to  thank  him  for,  but  thought  it  a 
K  privilege,  for  which  he  had  to  thank  thera^  for  finding  him  a  field 
in  which  money  could  be  judiciously  spent.  He  took  especial 
pleasure  in  moving  the  vote  of  thanks,  because  the  President 
belonged    to    a    claSB    which    had    made    England   great.       The 
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JesBops,  the  Cammells,  the  Firths,  the  Browns,  and  others  were 
the  fathers  of  the  steel  and  iron  development,  and  the  Whitwelli 
belonged  to  that  class.  There  was  no  doubt  that  the  Institute 
had  elected  the  right  man  to  fill  the  right  place.  In  condusion, 
he  proposed  with  much  pleasure  that  the  most  hearty  thanks  of 
the  Iron  and  Steel  Institute  be  presented  to  the  President  for 
his  highly  instructive  address,  to  which  he  personally  had  lis- 
tened with  unusual  pleasure. 

Sir  LowTHiAN  Bell,  Bart.,  Past-President,  in  seconding  the 
motion,  referred  to  the  fact  that  he  had  had  the  privilege  of  acting 
the  part  of  godfather  to  the  President,  and  was  very  glad  to  heai 
from  the  meeting  that  that  nomination  was  a  correct  one,  and  that 
they  had  appreciated  the  merits  and  accomplishments  of  his  god- 
son. He  also  took  that  opportunity  of  speaking  in  terms  of  high 
commendation  of  all  that  had  been  done  in  connection  with  the 
Institute  by  his  old  friend,  Mr.  Andrew  Carnegie.  No  man  had 
taken  more  pains  to  satisfy  himself  with  regard  to  what  had 
been  done  in  America  than  he  (Sir  Lowthian)  had  done,  and  he 
conceived  that  that  was  quite  consistent  with  claiming  for  the 
Iron  and  Steel  Institute  the  credit  for  what  it  had  efifected  for 
this  country  and  for  the  world  at  large.  He  knew  quite  well 
from  the  writings  of  his  friend  that  he  was  entirely  of  that 
opinion — namely,  that  the  Institute  had  opened  up  a  new  life  in 
all  matters  connected  with  the  manufacture  of  iron  and  steeL 
They  had,  as  Mr.  Carnegie  said,  dispelled  all  traces  of  jealousy 
and  sought  to  acquire  knowledge  wherever  it  was  to  be  had. 
In  his  (Sir  Lowthian's)  youth  some  of  the  large  establishments 
of  the  country  appeared  bent  on  preventing  the  dissemination 
of  such  knowledge  as  they  possessed,  forgetting  that  by  com- 
municating knowledge  to  others  they  would  to  a  corre- 
sponding extent  become  the  recipients  of  knowledge  accumulated 
by  others. 

The  resolution  was  carried  by  acclamation. 


The  President  thanked  the  proposer  and  seconder  of  the  vote 
of  thanks  very  heartily  for  the  way  iu  which  they  had  spoken  of 
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and  he  also  thanked  all  the  members  very  sincerely  for 
laving  accorded  the  vote  so  warmly.  He  could  only  say,  that 
so  long  aa  he  filled  his  present  position  the  menihers  who  had 
been  good  enough  to  place  him  there  should  have  his  very  beat 
services. 


The  following  paper  was  then  read  :■ — 
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DUST  IN  BLAST-FURNACE  GASES. 

By  ADOLPHE  GREINER,  Msmbeb  of  Ck)DNOiL  (Si&aino,  Bxloium). 

The  present  paper  is  a  sequel  to  the  communications  I  have  bd 
the  honour  of  presenting  to  this  Institute  on  certain  forma 
occasions — in  particular,  the  May  meetings  of  1898  and  19001 
Its  object  is  to  complete  the  information  which  may  be  found 
useful  to  all  persons  interested  in  the  employment  of  blast' 
furnace  gas  in  gas-engines.  From  another  more  personal  stand- 
point, it  will  serve  to  acquit  me  from  the  undeserved  reproach 
of  having  incorrectly  stated  that  gas-engines  on  the  Cockerill- 
Delamare  plan  could  utilise  raw,  impurified  blast-furnace  gas. 

To  begin  with,  I  wish  to  remark  that  my  former  commonict- 
tions  have  never  had  any  other  basis  than  facts — proved  is 
each  case,  and  were  not  founded  on  more  or  less  hazardoiu 
speculation. 

In  saying  as  I  did  at  last  year's  Spring  Meeting,  that  we  had  at 
Seraing  a  200  horse-power  engine,  driving  an  electric  motor  since 
April  1898,  without  the  cylinder  having  been  once  cleaned, 
I  simply  enunciated  a  positive  fact,  and  I  may  add  that  now, 
after  three  years'  continuous  work,  the  engine  runs  day  and 
night  without  having  had  to  be  stopped  even  once  for  the  pui^ 
pose  of  cleaning  the  cylinder.  Experience  showed  us  later  on 
the  cause  of  this  result,  with  which  I  shall  deal  presently. 

On  the  other  hand,  the  600  indicated  horse-power  gas  blowing- 
engine  of  a  similar  type  to  the  one  exhibited  last  year  in  Paris, 
did  not  meet  with  any  difficulty  in  working,  and  my  last  com- 
munication of  the  9th  May  1900  was  simply  a  statement  of 
practical  results  obtained  at  our  works. 

We  had  hardly  started,  however,  in  August  1900  with  the  first 
of  nine  600  horse-power  engines  at  Differdingen  (Luxemburg), 
than,  after  three  weeks'  running,  we  experienced  the  fatal  results  of 
the  excessive  quantity  of  dust  contained  in  the  blast-furnace  gases 
at  these  works.  We  were  thus  led  to  examine  the  amount  of 
solid  matter  impregnating  the  gas,  and  to  our  astonishment  found 
at  Differdingen  from  4  to  5  grammes  per  cubic  metre,  while 
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pimilar  T«seafcb«3  made  subsequently  at  Seraing  did  not  reveal 
Ihe  presence  of  more  than  from  0^25  to  0-50  grammes  in  the 
jpMS  from   our  own  furnaces,  or,  say,  ten  times  less  than  at 

^iiferdingen. 

■  Tlia  cleansing  of  the  gas  thus  became  a  necasBity,  and  we 

BiaU  see  further  on  how  an  absolutely  perfect  and  extremely 

Pbnple  aolutiou  of  the  problem  was  discovered. 

We  were  thus  led  to  look  more  closely  into  the  nature  of 
liie  gAses  outside  Seraing,  and  I  propose  to  make  known  the 
soiiltB  ascertained  by  our  chemist  in  eight  or  ten  eatablishmentB 
whem   he  was  allowed  to  analyse  the  blast-furnace  gases   for 

The  first  remark  called  forth  by  these  results  is  that  the 
degiee  of  pureness  of  blast-furnace  gases  varies  greatly  with 
fifoent  works,  and  this  is  easily  to  be  understood  from  the 
natures  of  the  ores  smelted.  Generally  speaking,  the 
are  purer  in  works  producing  hsematite  pig  irons  from  hard 
TO  in  iampe^  or  mixed  with  purple  ores,  when,  as  is  the  case  at 
Serarngj  the  dust  from  these  last  (always  rather  heavy)  is  de- 
pontad  in  the  pipes  and  chambers  nearest  the  blast-furnaces, 
tad  is  not  carried  any  very  great  distance.  On  the  contrary, 
tht  gases  contain  large  quantities  of  fine  dust  in  works  which 
dsat  with  oolitic  ores,  whose  impurities  consist  mainly  of  a 
kind  of  clay  which  the  heat  causes  to  dry,  and  which  the  gaseous 
coffetit  cairies  to  great  distances — such  being  the  case  at  Differ- 
diagen*  and  in  general  throughout  the  Luxemburg  district 

A  second  important  remark  is  the  following :  it  is  a  mistake 
to  suppose  that  the  dust  can  be  efficiently  separated  by  deposit- 
11^  in  long  passages  vertical  pipe  arrangements  or  chambers  of 
kfge  capact^<  The  dust  is  often  reduced  to  such  a  state  of 
loniitj  that  the  gas  continues  to  carry  it  in  spite  of  all  checks 
«f  tbe  kind  referred  to,  and  the  clouds  of  white  smoke  issuing 
fitom  the  tope  of  high  chimneys  prove  that  the  gas  after  travel- 
itae  hundreds  of  yards  still  contains  appreciable  masses  of  light 
•oKd  matter. 

I  will  now  proceed  to  describe  how  the  cleansing  of  the  gas 
vat  accomplished  at  Differdingen*  A  choice  had  to  be  made 
bitweea  two  methods.  The  first,  which  may  be  termed  the 
^'cUtic"  method^  consists  in  the  use  of  a  series  of  scrubbers  or 
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sheet-iron  towers  containing  coke  or  sawdust,  cooled  by  a  spnj 
of  water,  which  plan,  first  introduced  by  Mr.  Thwaite,  is  in 
in  England,  and  also  under  different  forms  at  the  Oberhaosa 
blast-furnaces  in  Germany,  at  Dudelingen  in  the  Grand  Duchy 
of  Luxemburg,  and  elsewhera  This  method  is  somewhat  cumber- 
some and  costly  to  put  down,  requiring  the  use  of  an  aspiratb; 
fan  or  exhauster,  but  it  gives  perfect  results  as  regards  cleaning, 
as  may  be  seen  from  the  tests  made  at  Dudelingen  and  recorded 
in  the  accompanying  tabular  statement. 

The  second  method,  which  we  should  qualify  as  the  "  dynamic' 
one,  is  based  upon  a  reaction  due  to  centrifugal  force  provoked 
between  the  gaseous  mixture  and  a  spray  of  water  injected  into 
a  suitable  apparatus.  The  liquid  and  solid  particles  throws 
against  the  periphery  of  the  apparatus  are  expelled  by  an  open- 
ing in  the  envelope,  while  the  gases  which  have  been  mixed 
and  agitated  by  the  action  of  rotating  blades,  escape  through 
the  exhaust  orifice  in  a  perfectly  purified  condition.  Different 
analyses  made  at  Horde  on  gases  treated  by  M.  Theisen's  apparatus 
leave  no  doubt  as  to  this  result,  the  quantity  of  dust  per  cubic 
metre  of  gas  being  sometimes  reduced  to  less  than  O'Ol  gramme. 

At  Differdingen  the  principle  of  "  dynamic  "  cleansing  has  been 
very  simply  carried  out  by  using  an  ordinary  centrifugal  fan, 
1*50  metre  in  diameter,  running  at  a  speed  of  900  revolutions 
per  minute,  through  which  the  whole  of  the  gases  are  passed,  being 
drawn  in  by  the  central  apertures.  Water  is  supplied  by  a 
pipe  26  millimetres  in  diameter,  opening  into  the  axial  part  of 
the  fan.  The  gas  alone  is  driven  out  by  the  fan  discharge, 
the  water,  charged  with  dust,  being  led  oflf  by  a  pipe  50  milli- 
metres in  diameter  from  the  lower  part  of  the  fan  casing. 

The  gases  which,  before  being  brought  into  the  fan,  contained 
4  grammes  of  dust  per  cubic  metre,  leave  it  containing  only 
0*25  gramme,  and  are  in  a  proper  condition  for  use  in  a  gas- 
engine  without  further  treatment. 

The  quantity  of  water  required  is  very  small,  and  varies  vrith 
the  degree  of  cleanliness  to  be  obtained.  With  10,000  litres  of 
water  per  hour,  the  dust  in  10,000  cubic  metres  of  gas  can  be 
reduced  to  0*30  gramme  per  cubic  metre,  and  with  15,000  litres 
to  0-20  gramme,  or,  say,  1  to  IJ  litre  of  water  per  cubic  metre 
of  gas. 
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The  apparatus  takes  up  little  room,  and  is  by  no  means  costly. 
3r  an  outlay  of  10,000  francs  (£400)^  the  gas  can  be  cleaned 
for  six  600  horse-power  engines. 

Mr,  Meier,  tbe  general  maaager  of  the  DifFerdingen  Works, 
intends  to  carry  out  more  completely  the  cleansing  operations, 
by  sending  the  gases  leaving  a  first  fan  through  a  second  otie ; 
experience  can  alone  decide  whether  this  improvement  is 
necessary. 

It  may  be  of  interest  to  point  out  that  the  '*  dynamic  *'  method 
of  cleaning  possesses  the  advantage  over  the  ordinary  one  of  sup- 
plying tbe  gas  at  a  certain  pressure  (from  20  to  25  centimetres 
water-gauge),  by  which  it  becomes  possible  to  carry  it  in  suffi- 
cient quantity  through  pipes  of  comparatively  email  diameter, 
and  thus  reduce  the  first  cost 

In  conclusion,  facts  have  shown  that  the  cleansing  of  blast- 
furnace gas  can  be  effected  by  simple  and  economical  means. 
Ko  reason  exists  why  the  principle  should  not  be  carried  further 
and  the  gases  cleaned  before  use  in  the  blast-heating  stoves  or 
boiler  flues.  I  venture  to  call  the  attention  of  all  blast-furnace 
owners  to  the  immense  econoniy  to  be  realised  by  this  process, 
which  constitutes  a  new  advance  in  furnace  management— so 
true  is  it  that  progress  in  one  direction  always  calls  forth  con- 
comitant results  in  another. 
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Tho  PmiDlllf  wM  that  if  Mr.  Greiner  had  auy thing  tt}fl 
to  his  puper,  the  oiembeTB  would  W  very  glad  to  hear  it.  | 

Mr.  AnoM'HK  Uukikeh,  Member  of  Council,  sUted  that  h€  hi 
no  addition  to  msik%  excopt  to  nay  that  he  would  show  a  boti 
ooutaiuing  a  sample  hrou^dit  frotii  t)int^nlingt*ii  of  tlie  wai 
mixed  with  the  dust  wheu  it  came  oat  ot  the  simple  appaiAll 
which  had  been  described*  After  a  few  minutea  they  would  d 
how  the  dust  was  going  down,  aud  the  immense  quantity  of  dv 
contained  in  that  small  quantity  of  WHter.     lie  merely  wish! 

to  call  attaniiou  to  tlic  simplicity  of  the  proeeas  usecL 

j 

Mn  Jamis  RiLiY,  Vic^-Preiidcnt,  said  tha^  the  paper  mi 
as  a  nilief  to  tliose  who  had  been  interested  in  the  prom 
of  the  lulaptatiun  of  the  kt€0t  arraagament  of  the  oae  of  d 
blast-fiirnjice  gas  in  gaa-aDgin«8.  For  two  yeara  or  mora  tiJ 
bad  boun  burdened  with  a  feeling  of  incredulity  to  which 
waa  not  oonrteuiis  to  give  expression,  but  which  had  yet  g«jj|| 
upon  them  very  considerably*  The  previous  statements  made  | 
Mr*  Oreiner  in  tlmt  room  were  emphatic,  and  could  not  bo  odj 
tfoverted  at  the  time,  although  they  aeetned  to  be  contmry  | 
what  one  might  eipect.  They  wore  now  told  that  it  waa  4 
•olutely  ntcmMOf  to  cleanse  blaat-fumaoe  gases  in  order  to  It^ 
them  work  efRciently  in  gas^cnj^tries.  Up  ta  a  few  moutba  m 
the  assurance  was  tlie  reverse  way.  but  for  some  time  thrre  hj 
beio  rutnouiv  th&t  matters  were  not  progreasiiig  quite  sad 
factorily  with  the  use  of  hlajit-funmce  gas  in  engines  | 
Luxsttibtitg.  His  prindpal  object  in  rising  was  to  say  thj 
tbey  eould  not  but  ndniire  an^l  appn!€iate  the  frankness  wbai 
Mr,  CJrfriner  bail  manifesled  in  taking  the  very  earliest  a] 
portunity  to  state  that  he  had  been  miataken,  aud  that  now 
had  been  proved  to  be  neeessary  to  oleaiise  the  giasee  which  we 
to  be  used  in  gae-engitiei.  His  own  expertenoe  of  other  kinds 
gpaee  which  were  supposed  to  be  absolutely  clean  made  him  doubtf 
from  the  beginning  of  Ibi  iMeinenls  whieb  bad  been  made  by  II 
Oiiiiitr.     At  all  events,  those  experienoes  nude  him  doubt  that 


d 


DISCUSSION — MB.  W.   H.  HBWLErT. 


&S 


m  possible  that  they  could  long  continue  to  work  those  engines 
iriib  dirtjr  gases-  It  became  a  q^uestion  now  whether  the  partial 
^^*""«i"g  to  whieh  Mr,  Greiner  had  committed  himself  that 
tiCKiiliig  might  not  also  be  eqtially  mistakeo.  His  own  im- 
pcadon  was,  ttiat  before  aatbfactorj  results  were  obtained  in 
Ihe  use  of  this  blast-fumaee  gas  in  gas-engines— and  he  beb'eved 
Aif  would  get  those  results— the  gases  must  be  thoroughly  well 
(icinsed.  He  was  doubtful  about  the  process  which  had  been 
coBunandftd  that  morning  to  the  members  by  Mr.  Greiner. 


Mr.  W-  H,  Hewlett  wished,  in  the  first  place,  to  give 
apreKion  to  the  thanks  which  the  meeting  owed  to  Mr 
Cikn^  for  giving  them  some  further  information  on  the  sub- 
ject to  which  reference  had  been  made  at  the  last  meet- 
there  in  May-  He  had  felt  then  that  some  of  them 
very  much  dirtier  gases  than  waa  possibly  the  case  at 
Qg,  and  the  Wigan  Coal  and  Iron  Company  had  been 
I  the  matter  very  closely  for  a  long  time  past.  Their 
'&s^  produced  from  the  alloys  of  manganese,  and  when 
k  told  thein  that  he  bad  aa  much  dust  as  22  or  23  grains  per 
oAm  footj*  it  would  be  seen  how  very  much  more  necessary  it 
tia  in  their  case  to  have  a  more  complete  cleansing  apparatus 
dian  even  that  wiiieh  had  been  alluded  to  that  monnng*  He 
Isd  bad  the  pleasure  of  going  to  see  Mr.  Riley's  installation 
iome  two  or  three  years  ago  with  their  chairman,  and  it  seemed 
to  work  satisfactorily.  But  there  they  had  the  opportunity  of 
Isaving  the  gases  first  of  all  cleansed  by  the  distillation  process, 
«i»d  from  that  distillation  process,  of  course,  they  got  a  consider- 
ible  amaunt  of  pro6t.  Where  coke  waa  used  and  not  coal,  that 
profit  was  denied  to  any  one  putting  down  distillation  plant  for 
Xhm  purpose  simply  of  cleansing.  It  had  always  seemed  to  him 
dm  it  waa  scarcely  likely  to  pay  to  put  down  such  enormous 
latipn  plant  as  would  he  needed  in  order  simply  to  cleanse 
gases  for  use  in  the  gas-engines.  With  regard  to  the  static 
he  was  afraid  they  had  not  very  much  faith  in  the 
ibUity  of  that  being  put  np  simply  to  make  it  pay ;  but  in 
djnanuc  process  which  had  been  mentioned  they  saw  a 
aictive  process,  and  he  would  like  to  have  had  a  little  more 
*  Equjd  %a  tkhovi%  50  gi^mme«  per  cubi^  ^^tre. 
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iufommtioQ  on  one  point  The  paper  did  not  state  the  qua 
of  gas  which  a  fan  of  a  certaifl  size,  and  running  at  a 
number  of  revolutions,  was  competent  to  deal  with.  He 
like  to  know  from  Mr.  Greiner  the  volume  of  gas  that  was  I 
dealt  with*  That  seemed  to  him  to  be  one  of  the  impon 
elements  in  the  consideration  of  the  matter.  They  felt 
tlmt  might  be  one  of  the  points  which  had  been  alluded  to; 
the  address  by  the  President  where  economies  could  be  eff© 
And  now  was  tlie  time,  after  the  period  of  trade  which  thej  I 
passed  through,  when  thejdid  not  have  much  time  to  attend  to  t 
matters,  but  were  somewhat  more  profitably  employed,  now 
the  time  for  an  improvement  in  that  direction  which  the  Presid 
had  indicated.  They  would  like  to  go  upon  those  grounds,  i 
the  more  information  they  obtained  on  the  plan  of  cle 
gases  before  they  were  used  in  gas-engines  the  bett^er. 

Mr.  F.  W.  Padl  said  he  noticed  that  in  the  sample  bottle) 
the  water  and  dust  shown  them  that  morning  by  the  autb 
there  was  entire  absence  of  any  condensed  tar,  so  that  he  ml 
ferred  that  that  sample  had  been  collected  whilst  separating  tl*| 
dust  from  waste  gases  of  blast-furnaces  using  coke.  As  marl 
members  were  interested  in  blaat-furnaces  using  coal^  he  shonlil 
like  to  ask  the  author  whether  the  new  method  of  dust  ftef 
tion  described  had  been  tried  in  connection  with  tarry  gases. 


Mr.  H*  PiLKlNGTON  said  that  he  might  mention  that  in  tkj 
Sheepbridge  Works  in  Derbyshire  they  had  coal-fed    fiirnao8ir| 
and  they  had  100  horse-power  gas-engines  working    for  m 
time.     They  were  under  no  misapprehension  as  to  the  necesaisf  I 
for  cleaning  the  gases.     The  amount  of  dust  at  the  point  whei  I 
the  gas  left  the  furnaces  averaged  about  twelve  grammes  p* 
cubic  metre.     Of  course  in  the  gas  from  coal- fed  furnaces  tbeit 
difficulty  also  was  the  tar.     The  cleauiug  of  the  gas  was  on  tliB 
Thwaite  system,  and  the  down-comer  of  the  end  furnace  wii 
about  a   hundred   yards  from  the  washer  box.     There   were  t 
washer     box,     cooling    pipes,     coke    scrubber,    and      sawdusl 
scrubber.      At  first    they    had    not    been    accustomed    to    tbi 
latter,  and  they  got  the   tar  and  dust  right  through    into   thi 
cylinder.     After  having  gained  a  little  experience  with  the  saw- 
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diifl  scrubber  and  washing  pl&Dts^  tliej  were  able  to  work  with 
giiea  «liiioet  absolute Ly  ckan,  aud  had  heen  tlolng  so  for  some 
time.  They  found  that  the  dust  was  arrested  by  the  condema- 
tioQ  of  the  tar.  They  also  found  tliat  the  cleauing  plant  put 
down  was  fairly  adequate  fur  the  amount  of  gas  used  by  tlie 
ogiiie*  and  they  gut  it  now  perfectly  clean.  It  would  he  interest- 
ing If  Mr.  Grettier  would  add  to  thtiir  informatton,  now  that  they 
had  flucli  an  extended  experience  at  Serai ng,  and  would  state 
what  was  the  amount  of  oil  used  in  lubricating  the  cylinder  of 
Ibe  blowiag-engine.  He  had  found  that  with  an  ahsolutely  clean 
pB  the  consumption  of  oil  was  cousiclemble.  There  was  one 
point  in  the  paper  which  he  would  like  to  refer  to,  and  that 
was  the  teinperature  of  the  gases  given.  Were  these  really  the 
tetnperattires  of  the  gases  when  leaving  the  furnaces  ?  because 
ibej  seemed  to  him  exceedingly  low.     The  author  luiglit  state 

tiu  his  reply. 
r  Alfkku  Hickman,  UA\,  Member  of  Council,  said  that 
ni  speakers  had  referred  to  furnaces  working  with  coal 
iulead  of  coke,  but  none  had  mentioned  what  kind  of  ore  was 
being  used  in  those  furnaces.  He  understood  from  the  paper 
tliii  it  was  a  question  of  the  ore  rather  than  of  the  fuel  which 
produced  a  greater  or  lesser  quantity  of  dust.  The  results  of 
the  last  speaker's  experiments  would  be  very  valuable  if  he  would 
Hate  the  kind  of  ore  used. 


PiLKiNoTON  gaid  that  it  was  ore  from  Northamptonshire. 


Sir  LowTHiAN  Eell,  Bart,,  Past- President,  said  that  as 
e  of  Mr,  Thwaite  had  been  mentioned  in  the  course 
discussion,  he  might  observe  that  that  gentleman  had 
him  the  honour  of  calling  upon  him  at  the  very  in- 
of  the  idea  that  blast-furnace  *:as  could  be  used  for  the 
described,  and  had  invited  ids  co-operation  iu  order 
defnonstrate  the  possibility  of  the  operation.  He  had  at 
stgtiined  his  williugnesa  to  enter  into  a  series  of  experl- 
iti^  but  on  one  condition- — ^namely,  that  the  first  step  to  be 
fihould  be  to  ascertain  the  means  of  freeing  the  gases  from 
laiige  amount  of  solid  matter  which  was  brought  over  by  the 
l^OK— i.  s 
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luechaaicat  pressure  of  the  blast  itself.     Mr.  Thwaite,  like  iiai^| 

itiventors,  eEtertaiQed  perhaps  rather  too  sanguiiie  ao  opii^HI 
of  the  efficiency  of  hts  proposed  plan,  and  their  negotiations  fl 
consequence  came  to  au  end.  It  appeared  to  htmseli  (^H 
Lowthian  Bell),  that  by  the  plan  recommended  by  Mr.  Grei]i^^ 
ail  really  gritty  matter  is  entirely  removed  from  the  gases  M 
they  leave  the  blast-furnace*  On  pressure  by  the  fingers  ^B] 
texture  is  so  silky,  that  it  is  highly  probable  that,  like  finfcw' 
powdered  black-lead,  the  gases  so  puriSed  may  act  as  a  lubricaA^ 
in  the  cylinders.  H 

Mr.  G.  J.  SkeluSj  Vice-President,  said  they  were  all  iudetrtM] 
to  Mr.  Greiner  for  his  very  interesting  paper.  It  did  appear  M 
him  that  the  dynamic  method  of  separating  the  du&t  was  n 
immeoBe  importance.  At  the  same  time,  as  Mr,  Hiley  bfl 
pointed  out»  it  might  be  necessary  to  get  the  gas  even  ms9 
purified  than  had  at  x^i^^s^nt  been  done.  Mr.  Greiner  had  stain, 
that  the  manager  of  the  works  proposed  to  use  a  second  fulj 
He  would  aak  Mr<  Greiner  whether  it  was  at  all  possible  tlH 
if,  instead  of  using  water  in  the  second  fan,  oil  were  usedt  thd 
that  would  have  the  effect  of  purifying  the  first  purified  gas  mI 
greater  extent  I  Most  of  the  memberd  would  know  that  ib^| 
was  a  process  of  separation  of  ores  now  known  as  the  Elm^l 
process,  which  was  done  by  mixmg  those  ores  with  oils  mM 
separating  them.  It  appeared  that  heavy  oils  had  a  particnkl 
effect  upon  certain  bodies ;  they  stuck  to  some  substances  aiil 
refused  to  stick  to  others.  It  had  occurred  to  him  whethsr  tl 
was  possible  that  if  oik  were  used  in  the  second  fan  it  ir0flUl 
have  a  better  eifect  than  water.  It  was  a  simple  things  nil 
could  be  easily  applied,  and  would  not  be  costly,  because  it  Ml 
quite  evident  that  the  oil  which  was  used  would  be  recovct«il 
There  would  be  very  little  waste  in  the  process.  1 

Mr,  Perky  F,  Nuesey  said  that,  so  far  as  he  understood  Ikf 
Elmore  process,  to  which  Mr,  Snelua  had  referred,  the  use  of  oil 
as  a  separating  agent  related  only  to  metallic  matter*  Tbe  oB 
used  in  that  process,  which  was  a  hydro-carbon  residue,  had  * 
singular  affinity  for  metallic  substances^  the  earthy  matter  beis? 
rejected.     It  therefore  appeared  to  him  that  unless  the  dost  d 
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Ike  blast-furnace  gases  cousisted  mainly  of  metallic  particles,  the 
nmore  proceas  would  oot  prove  effective, 

Mr-  Hdbacs  Allen  said  he  took  a  great  interest  in  Mr.  Greiner'a 
psp«r»  and  asked  if  he  would  state  the  cost  of  the  oil  tised  in  the 
100  borse*power  engine.  The  journal  En^kuirifig  was  reapon- 
fiU€  fof  having  stated  that  the  cost  of  oil  in  running  that  eugine 
was  810^  serious^  and  if  Mr.  Greiner  would  state  the  exact  cost 
of  ike  oil,  it  would  be  found  that  that  would  alone  justify  the 
expenditure  in  capital  for  an  adequate  system  of  cleansing.  On 
Ibe  other  band,  in  order  to  obtain  the  hest  results  in  the  gas* 
tagine,  not  only  should  the  dust  be  removed,  but  the  proportion 
if  fttspended  water  should  be  reduced  to  that  of  the  atmoaphere, 
tod  the  temperature,  if  possible,  below  that  of  the  atmosphere. 
By  ihat  means  Mr*  Thwaite,  in  his  apparatus,  which  Mr.  Greiner 
Old  gave  perfect  results,  obtained,  with  a  gas  of  24  per  cent,  of  car- 
boiiie  oxida  and  a  negligible  proportion  of  hydrogen,  a  very  satisfac- 
tmj  tbermo-djnamicat  efficiency.  In  his  investigations  he  realised 
mmejeajB  batk  that  blast-furnace  gas  varied  greatly  in  the  different 
works.  He  also  realised,  as  now  admitted  by  Mn  Greiner,  that  it 
wma  m  mistake  to  suppose  that  the  dust  could  be  efficiently  sepa- 
tated  bj  depositing  in  long  passages,  in  vertical  pipe  arrangements 
or  in  chambers  of  large  capacity ;  and,  as  Mr.  Greiner  rightly 
^||gt«d,  the  white  smoke  issuing  from  the  top  of  the  chimney 
P^TDved  that.  Mr.  Greiner  was  wrong  in  stating  that  Mr.  Thwaite'a 
lyst^m  was  somewhat  cumbersome  and  costly  to  put  down.  On 
llie  oontrary,  the  arrangement  was  most  compact  and  simple,  and 
difi  perfect  results,  admitted  by  Mr*  Greiner,  amply  justified  the 
eapitaJ  involved.  Without  mentioning  the  saving  in  cost  of 
Idbricationf  there  was  the  increased  efficiency  in  the  productflon 
uf  power,  which  amply  compensated  for  the  coat  of  the  apparatus, 
which  had  such  a  low  depreciation  factor  aa  to  be  considered 
good  and  serviceable  for  half  a  century,  the  only  care  required 
g  a  little  painting.  The  amount  of  water  required  would,  in 
eafefolly  controlled  plant,  be  very  small  It  was  impossible 
work  any  rotating  apparatus  to  remove  the  heavier  particles 
Ciaept  with  excessive  cost  in  renewals  and  in  motive  power. 
With  Mr.  Tbwaite'a  sj^stem,  he  established  pressure,  if  necessary, 
mp  to  50  centimetres  of  water,  so  that  he  could  use  very  much 
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jie  first  erroneous  impressiona  created  by  his  firat  paper ;  it  bad 
etarded  the  progress  of  the  system  and  done  injustice  to  its 
pioneen  In  the  Thwaite- Gardner  system  it  has  been  the  custom, 
kince  early  in  1899,  to  employ  water  in  the  centrifugal  fan,  as 
^hown  in  Plates  IL  and  III.j  with  beneficial  results ;  but, 
though  the  high  speed  of  2000  revolutions  per  minute  was  usually 
aaintainedj  the  gas  still  retained  a  considerable  proportion  of 
ight  dust,  which  necessitates  the  use  of  Lower  scrubbers  and 
physical  purifiers. 


Mr.  Greineb,  in  reply,  said  it  appeared  to  him  that  Mi\  Riley 

i0Ught  that  they  could  not  work  without  having  the  gas  cleaned. 

'ossibly   Mr.   Eiley  had   not  heard  the  paper,  because  it  was 

itated  that  a   200  horse -power  engine  was  running  at  Seraing 

ithout   cleaning  the  gas  ;    not    only  at   Seraing,  but  also  at 

onigshof  (Bohemia)  with  a  300   horse-power  engine  of  their 

iype.     Another  fact   waa    that   their    600    horse-power    engine 

t   Seraing,  with  cylJnJers  of  a  very  large   diameter,  required 

have  the  gas  cleaned  a  little,  but  not  in  such  a  large  way 

as   in  other  works   where  the   gas  was   very  dirty.     The  fact 

was  stated  that  in  Luxemburg  the  gas  was   ten  times  dirtier 

than    it    was    in    their    works*       Against    that    he    could    say 

nothing,  except  that  they  cleaned   it   now    by    a    very    simple 

means.      He  did  not  say  that  the  Thwaite  process  was  not  a 

;ood  one,  but  he  said  the  contrary.      Mr,  Thwaite  had   been 

the   iirst   to   clean   the   gas  in  a   Yevj    able   manner,  and   Mr. 

Tiieiseu   had    done  so    also,  but    the    fan   was    a   very   simple 

thing,  and  it  was  also  simple  to  put  water  iu  the  fan.      For 

that  reason   he   thought  there  was    some   merit  in  the   design. 

They  had  not  done  that  at  all,  but  it  had   been  done   by  Mr, 

Meier  himself  at  the  Dififerdingen  works. 

In  reply  to  the  gentleman  who  asked  if  they  worked  with 
coal,  he  had  had  no  experience  of  gas-engines  driven  by  the  gas  of 
blast-furnaces  using  raw  coal;  he  was  familiar  only  with  the  gas 
made  by  coke  in  blast  furnaces.  Necessarily  the  quantity  of 
oil  used  for  a  600  horse-power  engine  was  not  mentioned,  because 
this  was  outside  the  scope  of  the  paper ;  but  it  might  be  in- 
teresting for  members  to  know  that  they  had  a  very  ordinary 
kind  of  oil  called  Mazout,   wliich   was  a   Russian  residual  oil. 
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They  used  120  lbs,  of  that  oil  per  day,  and  paid  20   centin 

a    litre,  which    represented   10s*  per  twelve  hours.      That 
what  was  required  for  oiling  a  600  horse-power  engine, 

In  answer  to  Mr,  Snelus,  he  might  mention  that  he  had 
no  experience  with  regard  to  oil,  but  the  water  used  in  the  fail 
was  recovered.  The  water  was  run  into  a  large  reservoir,  li^l 
after  standing  a  few  hours  the  dust  was  deposited.  It  waa  alTtnl 
the  same  water  which  was  used,  and  the  quantity  waa  1 0,000  litre  I 
per  hour.  It  had  not  been  stated  in  the  paper  that  that  was  tbi 
quantity  necessary  for  10,000  cnbic  metres  of  gas,  which  was  cquj-f 
valent  to  one  litre  per  cubic  metre  of  gas.  One  litre  of  water  ift  I 
a  very  small  quantity^  and  a  cubic  metre  of  gas  was  a  very  lai^l 
one*  He  recommended  the  members  to  read  StaJil  und  EisBkl 
where  Mr,  Fritz  W.  Lnrmatin,  the  well-known  metallurgist,  Ul 
given  a  very  long  paper  with  regard  to  the  cleansing  of. 
blast- furnace  gas.  The  paper  showed  how  far  the  Gei 
were  going  on  with  that  question  at  present.  He  must  confffl 
that  he  was  very  much  astonished  that  English  metallurgists  dkl  I 
not  understand  the  question  so  thoroughly  as  it  ought  to  be  I 
understood. 

The  Pkesfdent  said  that  he  was  sure  that  the  members  wottUl 
wish  to  give  Mr.  Greiner  a  most  hearty  vote  of  thanks  for  tbil 
paper  he  had  read,  and  for  the  share  he  had  taken  in  lb|:l 
development  of  that  important  matter.  Having  watched 
progress  in  the  utilisation  of  blast-furnace  gas  as  a  source  dt 
power,  he  felt  increasingly  interested  in  what  they  had  heard  thall 
day.     He  was  sure  that  interest  was  shared  by  the  members. 

The  resolution  was  carried  by  acclamation. 


COERESFONDENCE. 


Mr.  WiLLiAAi  H.  Booth  sent  the  following  communication ; 
It  was  satisfactory  to  find  that  Mr.  Greiner  had  now  becou 
convinced  of  the  necessity  of  purifying  blast-furnace  gas  befort 
using  it  in  gas-engines.     It  was  unfortunate,  howeYer,  that  he  ha 
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pliered  to  the  contrary  belief  so  long,  or  that  he  even  pro- 
mlg&ted  an  idd&  that  was  so  evidently  erroneous.  From  the 
feiy  l>eginning  of  the  use  of  blast-furnace  gas  in  the  first  engine 
€ftr  mm  with  it  at  Wishaw,  Mr*  Thwaite,  to  whom  the  credit  was 
due  for  the  whole  system  and  idea,  had  consistently  advocated 
ponficdtion.  and  the  steady  opposition  of  Mr*  Greiner  for  five 
had  been  harmful,  because  it  led  ironraasters  to  believe 
tha  Thwaite  system  must  be  wanting  in  something  or 
would  be  able  to  deal  with  un purified  gas,  whereas  purification 
l»i^s  hmd  been  necessary — obviously  so  to  any  one  who  had 
iwUj  studied  the  question.  Blast-furnace  gaa  was  a  raagni- 
ioml  dQtirce  of  power,  the  waste  of  which  appeared  to  be 
criiBinali  but  it  waa  not  a  powerful  or  strong  gas.  Its  heat  capa- 
city was  about  100  British  thermal  units  per  cubic  foot  at  atmos- 
phcric  ptBSsure  and  temperature*  It  was  not  fit  to  be  used  dusty 
isil  eame  from  the  furnace,  nor  hot  and  laden  with  steaiih  Cooi- 
mg  was  neeessary.  As  regards  the  principle  of  dynamic  cleansing, 
tliii  was  not  new.  Fans  running  at  fully  the  peripheral  velocity 
aanied  had  been  employed  in  the  Thwaite  plant  But  a  fan, 
4t  best,  worked  badly  upon  hot  gases,  and  these  ought  to  be 
mled  to  increase  their  gravity,  and  made  to  deposit  the  heavier 
datt  befoTe  entering  the  fan.  It  was  a  mistake  mechanically  and 
Sasncially  to  employ  apparatus  of  too  cheap  a  nature,  and  to 
risks  of  dust  in  the  engine*  To  an  engineer  the  mere  pro- 
itiou  to  employ  dust -laden  gas  in  the  cylinders  of  a  heat 
me  savoured  of  absurdity.  It  ought  not  to  have  been 
need, 
was  nothing  less  than  astounding  to  find  British  iron- 
so  tardy  in  taking  up  improvements  and  economies  in 
direction-  With  millions  of  feet  of  gas  practically  wasted, 
ly  power-distributing  stations  were  being  erected  to  generate 
icity  by  steam  power  produced  from  fresh  coah  That  our 
ed  leaders  of  industry  did  not  drop  some  of  their  old- 
joned  ideas  and  enter  into  combinations  for  the  use  of  now 
Hasted  gas  to  produce  much  wanted  power  wjs  a  proof  of  the 
wtnt  of  energy  that  has  allowed  the  products  of  America  to 
(NMt  Britiflh  products  on  their  own  soil  Yet  there  was  not  a 
Uait- furnace  in  Great  Britain  that  was  not  within  reach,  by  elec- 
trical   transoiiasion^  of  some  good  centre  of  power  production. 


It 
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Every   tramway   in    the  country   might   be  driven    by   enfligl 

generated  by  blast-furnace  gas ;  and  there  were  furnaces  qcA 
blown  out  and  standing  idle  tlmt  would  pay  if  set  to  work  al 
gas-proi]ucei's,  makhig  iroa  as  a  by-product.  Why  was  il  tli^B 
iti  Germauy  almost  every  ironworks  was  alive  to  the  importaac«« 
the  subject,  and  in  Eii^^land  hardly  a  breath  of  interest  could  hm 
raised,  except  when  Mr,  Greiuer  caiue  over  here  and  first  rii^l 
a  paper  wbicli  suited  that  the  Thwaite  system  was  not  necessifjj 
and  after  five  years  read  an  other  to  the  contrary^  or  as  siHm  mm 
Belgium  discovered  that  the  Knglish  system  and  invetition  ml 
the  true  one*  I 

Mn  J.  A.  Lekcauchez  (Paris)  communicated  tlie  followio^  I 
— In  October  189^  he  was  entrusted  by  tlie  steelworks  dm 
Michevilie  (France)  with  tlie  preparation  of  plans  for  a  punfica-l 
tiou  plant  o!  600  horse-power.  This  plant  was  erected  eaTijI 
in  1900j  and  consisted  of:  (1)  An  atmospheric  condenser  oonhl 
posed  of  vertical  pipes  through  wiuch  the  gas  passed,  deposit- 1 
jng  the  coarse  dustt  and  being  at  the  same  time  reduced  bl 
temperature.  (2)  From  this  condenser  the  j^as  was  driven  I 
throu<^li  purifying  vessels  by  an  exhaust  and  blowing  fan,  ruD*l 
ning  at  a  speed  of  1800  revolutions  per  minute,  and  working  ul 
an  exhauster*  Two  fans  were  provided,  one  being  kept  as  1 1 
reserve.  Doors  were  iitted  to  give  easy  access  to  the  intericir^  I 
(3)  The  purifying  vessels  w^ere  arranged  in  a  manner  similar  to  I 
tiiose  in  gasworks,  but  here  they  worked  only  as  filters.  (4)  On  I 
issuing  from  the  purifying  vessels  the  gas  was  controlled  by  1 1 
small  receiver^  under  a  water  pressure  of  2}  inches,  befun  I 
admission  to  the  300  horse-power  Otto  engine.  The  scheme  I 
included  the  installation  of  scrubbers,  but  owing  to  Mr*  Greiner'f  ' 
statement  at  that  time  (the  end  of  1899),  that  no  purificaliou 
was  necessary,  the  construction  of  these  was  postponed. 

Tlie  first  trials  took  place  in  October  1900,  and  it  was  fotisd 
tliat,  notwitlistanding  the  great  resistance  of  the  purifiers,  the 
dust  ent-ered  the  cylinders  in  such  quantities  as  to  stop  Uie 
engine.  The  writer  was  aware  that  at  Dudeliugen,  in  order  to 
keep  the  fan  going,  it  had  been  found  necessary  to  introduce 
water  from  time  to  time  for  cleaning  it,  but  no  attention 
had    been    paid    to    this    fact,   and   otherwise   there    bad    been 
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00  trouble,  as   tliere   was  a  coniplete    purification    plant    with 
icmbbers*      The  idea  then   naturally  suggested   itself  that  the 
tz}mu%%  fan  with  a  large  qnantity  of  water  would  prove  a  good 
poiifying    apparatus.     The    writer    consequently^  on    the    12th 
orember  1900,  informed  the  manager  of  Micheville  that  it  was 
sary  to  introduce,  oo  each  side  of  the  fan  in  the  centre,  a 
ng   jet   of   water,  and   that   this   injection  would   efficiently 
purify    the    gas.       It   was  also  recommended   to   proceed  with 
the  constraction    of    tlie    scrubbers.      Subsequently,    on    10th 
Jamuiry  1001,  he  (the  writer)  had  applied  for  a  Freuch  patent 
far  mu    improved  fan   with  a  water   spray  for  purifying  gases 
^f^  generel. 

^H  In  February  1901,  after  new  trials  with  an  exhaust  fan,  it 
^Brfti  decided  that  this  was  the  best  pnrifyln^^  apparatus*  The 
^fti^gitie  has  since  worked  without  cleaning,  and  it  will  probably 
^P>e  a  very  long  time  before  this  becomes  necessary.  Similar 
experience  were  made  at  Diiferdingen,  where  they  had  at  first 
DO  purification  plant  at  alL  Afterwanla  a  Theisen  apparatus 
wfta  pat  down,  and  benefiting  by  the  experience  gained  at  the 
leTille  works,  an  exhaust  fan  with  water  spray  was  added, 
ibich  gave  the  interesting  result  stated  in  Mr.  Greiner's 
iper. 
Thase  results  will  probably  be  of  much  interest  to  the 
ibers  of  the  Institute,  as  they  are  of  great  importance  to  the 
aotoical  application  of  blast-furnace  gas,  not  only  for  the 
ircet  driving  of  engines^  but  to  the  heating  of  boilers,  and  also 
Ihe  recovery  of  the  by-products  of  blast-furnace  and  producer 
a,  coking  plant,  &c. 


Mr.  Ji,  TlieisEN  (Baden-Baden)  wished  to  point  out  that  a  fan 

ordinary  const  ruction  was  unsuituble  for  thoroughly  cleansing 

st^fufnace  gases,  even  by  spraying  water  into  it  and  driving 

gas   oyer  the  wetted  surface,  as   was  done   in  the  process 

ited  by  himself.    This  was  due  to  the  fact  that  in  an  ordinary 

jkn  ih©  fulfilment  of  the  essential  condition  for  separating  the  dust 

was  impossible,  namely,  that  of  giving  to  the  whirling  current  of 

ia  sufficieotly  long  passage  over  the  film  of  .washing  water  ad- 

riog  to  the  inner  surface  of  the  casing.      By  this  means  alone 

I  really  pure  gas  containing  only  0^01  grammes  of  dust  per  cubic 
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metre  cculd  be  obtained.  The  gas  thus  treated  was  veij  dzyfl 
and  had  a  temperature  corretpooding  to  that  of  the  cooling  waj^I 
The  cost  o£  construction  and  working  were  also  lower  for  (B 
Theisen  apparatus  than  for  two  or  three  fans  placed  in  sucoei^H 
in  the  downtake.  These  ktter  required  far  more  power^  bed^H 
in  order  to  carry  out  one  clean  sing  effect  alone,  the  blades  nfll 
run  at  the  excessively  high  velocity  of  230  feet  per  tniuiilM 
while  the  Theisen  centrifugal,  in  which  the  whole  operation  col 
be  properly  carried  out^  only  ran  at  a  speed  of  100  feet  pet  I 
minute.  I 

Mr.  B.  Hanbury  Walnford  (Newcastle-on-Tyne)  commnm-l 
cated  some  suggestions  on  dust-catching  which  occurred  to  his  I 
whOe  working  on  this  subject  last  yean    The  so-called  Ameridll 
dust* catcher  is,  according  to  him,  iueffectuah     This  is  an  arrangie- 1 
meat  in   which    the    downcomer  is  led  vertically    doirtiwards  I 
into  a  large  cylindrical  casing,  with   a  hopper-shaped    bottoiB.  I 
The   open  mouth  of  the  downcomer  is  fixed  a  short  distai^ct 
above  the  bottom.     The  outlet  to  the  flue  is  placed  near  the  tof 
of  the  casing.     By  this  means  the  gases  are  caused   to    take  i 
sharp  turn  tip  wards  on  issuing  from  the  downcomer,   but  tht 
increased  area  into  which  they  enter  very  likely  sets  up  a  boiling 
action,   preventing  rather  than   inducing    the    preeipitatioa   of 
dust.     He  suggests  that  an  improvement  would  be  eflTected  bj 
leading  the  gases  into  the  casing  in  a  tangential  direction,  therebj 
setting  up  a  circular  action  like  a  whirlwind.     If  the  apectfie 
gravity  of  the  dust  is  only  perceptibly  above  that  of  the  gases,  the 
centrifugal  force  would  throw  the  dust  against  the  sides,  whence 
it  would  fall  down  into  the  hopper-shaped  bottom.      The  outlet 
tube  would  be  carried  vertically  up  inside  the  casing,  having  iU 
opening  about  on  a  level  with  the  centre  of  the  inlet.      A  modi- 
fication of  this  arrangement  consists  in   fixing  a   turbine-like 
disc  to  the  outlet  of  the  downcomer  in  the  casing*      The  dust 
is  then  separated  by  centrifugal  force,  and  later  by  precipitation. 
Another  proposal  is  to  have  horizontal   chambers   fitted    with 
haftle  plateSi  so  placed  as  to  cause  the  gases  to  follow  a  wavy 
course  in  passing  through  them.      The  eddying  set  up   behind 
each  baffle  plate  would  cause  precipitation  of  the  dusi;^ 
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Mr,  Feitz  LOrmawn,  in  the  paper  *  to  which  Mr.  A,  Greiner 
referf«d  ia  his  reply  to  the  discussion,  described  the  progress 
made  in  the  appHcation  of  blast-furnace  gas  as  a  direct  source 
of  power,  with  special  reference  to  Germany  and  Luxemburg, 
The  question  of  the  dust,  and  the  various  methods  which  have 
been  tried  for  effecting  its  separation  from  the  gases^  is  very 
fully  dealt  with.  The  author  distinguishes  between  two  kinds  of 
dost:  the  coarse, consistiDg  of  coke,  iron,  and  limestone  particles; 
md  the  finely  divided,  which  does  not  deposit,  but  emerges  from 
i1j€  chimney,  after  travelling  hundreds  of  yards,  in  the  form  of 
white  smoke.  With  regard  to  the  former,  there  never  existed  a 
difficulty  in  getting  rid  of  it  j  the  latter,  on  the  other  hand,  which 
fuies  very  much  in  quantity  on  different  days,  is  often  found  to 
eoDtain  alkalies  and  salts,  which  attack  the  lubricant  of  the 
eogioe.  At  a  few  works  only,  however,  has  the  importance 
of  elBUBsiiig  th€  gas  from  this  fine  dust  hitherto  been  recog- 
nised. 

With  the  exception  of  an  ijistaHation  in  Scotland,  the  most 
txteiiAive  cleansing  plants  are  to  be  found  in  Germany,  and  np 
to  tJia  present  Theisen's  apparatus  has  seemed  to  excel  most 
oChers  ia  efficiency  as  well  as  in  simplicity  of  construction. 
Ooe  of  these,  which  was  put  to  work  in  Horde  in  October  last, 
gave  results  which  were  all  that  could  be  desired.  It  remained, 
however,  for  the  manager  of  the  DifFerdinr^en  works  to  discover 
a  stall  simpler  method  of  accomplishing  the  puriJication.  This 
finn,  relying  at  first  on  their  experience  that  a  60  horse-power 
Ottc^DentJs  engine  had  worked  a  long  time  without  occasioning  the 
^Jesai  difficulty,  ordered  from  Seraing  nine  engines  of  GOO  horse- 
B|iower  each,  without  taking  any  steps  to  get  rid  of  the  fine  dust. 
KSfba  unfortunate  etTeets  of  this,  however,  soon  obliged  them  to 
Vfitt  in  a  Theisen  apparatus,  which  failed  in  this  instance  owing  to 
itnictnral  defects.  The  chance  discovery  at  Dudelingen  of  the 
boDeficial  effect  of  a  fan  in  the  downtake,  with  a  jet  of  water 
to  waah  away  the  accumulating  dost,  then  led  the  manager  to 
the  idea  of  substituting  a  large  fan  with  a  central  jet  of  water. 
This  arrangement  proved  so  effectual  that  no  further  cleansing 
of  the  gms  was  found  to  be  necessary.  The  author  is  of  opinion 
ttitt  this  method  overcomes  one  of  the   chief  diflBculties   con- 

*  Smkl  und  Minn,  vol.  x^u  pf.  M$-m,  4^9-514. 
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nected  with  all  cleansing  apparatus ;  that  is,  the  dealing  rapic 
with  a  very  large  volume  of  gas,  since  such  a  fan  can  with  i 
pass  1000  cubic  metres  per  minute.     The  paper  contains 
one  illustrations,  among  which  are  a  number  of  engravings,  dm 
to  scale,  of  the  leading  types  of  purifying  plant,  and   compk 
statistics  of  many  trials  are  given.     The  subject  was  accorded  i{ 
very  ample  discussion,  and  the  author  expresses  his  astonishma 
that  both  English  and  American  ironmasters  have  been  so  tarirl 
in  profiting  by  this  source  of  economy,  and  indicates  in  the  fotl 
lowing  table  how  completely  German  ironworks  have  taken  tkl 
lead  in  this  respect.     The  table  referred  to  gives  the  distribntioil 
of  the  total  power  in  the  various  countries  as  follows : 


April  18,  1901. 


Soraing    .         .         .  > 
Wetter    .        .        .  ; 
Miilhauseii       .        .  , 
Breitfeld,     Dariek  ) 
k  Co.         .        .  j 
Schneider  k  Co. 

Total 

Korting  Brothers    .  . 

Otto-Deutz      . 
I  Deutsche  Kraftgas  }  [ 
I      Gesellschaft       .  j' 

Nuremberg 

Total 


I 


3,000 
2.400 
3,000 


11.  r 


'5        ^ 


H.P. 


000       8.70  ! 


II.  r. 

1.200 
GOO 


u.-v. 


0,1KK) 

5.i(»r) 

10,120 


850     7,000    1,800 


7.400 
7,4(K) 


12.800 
<n740 


*5 
H.-r. 

700 


700 

30 
1.500 


a 
» 

H.-P. 
(iOO 


B 

M 


H.-P. 
6.000 


GOO 


GOO     6,000 1    GOD 


.3,-.«K) 


I 


2,<KM)       ... 
4I,«;«5    2.850    7,<K)0    1,800    7,400    2,2:W      (kK)     9,800 


Mr.  Greiner  thought  that  in  reply  to  Mr.  W.  Bootli's  criticisms 
he  could  do  no  better  than  refer  once  more  to  the  statement 
made  in  the  opening  sentences  of  his  paper,  viz.,  that  that  paper 
and  others  on  the  subject  of  blast-furnace  gas,  read  by  him  before 
the  Iron  and  Steel  Institute,  did  no  more  than  give  an  account  of 
facts,  capable  of  verification  at  any  moment,  and  were  not  to  be 
considered  as  expressions  of  opinions,  whether  his  own  or  those  of 
members  of  his  staff. 

It  seemed  idle  to  mention  once  more  the  case  of  the  200 
horse-power  engine  started  at  Seraing  in  April  1898;  but  repeti- 
tion, however  tedious,  could  not  injure  the  truth,  which  was  in 
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pm  case  that  an  engine  had  for  several  years  been  working  with 
«^  simply  taken  from  a  pipe  at  a  certaiu  distance  from  the 
htmace,  much  as  steam  is,  under  ordinary  circumstances,  taken 
from  a  boiler.  The  unexpected  success  of  this  early  experiment 
MUie  engineers  of  the  Socicte  Cockerill  to  accept  and  generalise 
lite  fiict)  and  diverted  their  attention  from  a  closer  study  of  the 
Cioaea  which  tended  to  produce  such  an  exceptional  result.  But 
iftcr  all  it  was  mostly  hy  trial  and  error  that  modern  inventions 
kid  been  developed  and  brought  into  practical  shape.  The 
ezpenalve  and  cumbersome  nature  of  many  of  the  earlier  appii- 
inea  which  had  been  proposed  for  cleaustn^  and  purifying  gas, 
kmre  no  donbt  a  j^reat  bar  to  their  employment,  and  the  author 
^Hilt  justiiied  in  expressing  his  conviction  that  the  supposed 
^HoasibiUty,  mistaken  though  it  may  have  turned  out  to  be,  of 
^^ing  able  to  dispense  with  such  costly  accessories,  went  a  long 
*iy  iu  encouraging  manufacturers  to  give  a  fair  trial  to  the 
bbst-fmnace  gas-engine* 

An  important  fuctj  which  ought  not,  moreover,  to  be  lost  sight 
ol,  was  that  not  only  at  Seraing  had  the  use  of  uti purified  gas 
been  mttended  with  successful  results,  but  that  engines  had  been 
Tfknmng  under  practically  identical  comlitiona  at  Ruhrort,  West- 
phalia, since  March  1901,  at  the  works  of  Mr.  Koechling  iu 
Lorraine  since  April  1900,  and  at  Kunigshof  in  Bohemia  since 
Febroaiy  1901*  These  engines  were  all  giving  perfect  satisfac- 
tion, as  might  be  ascertained  at  any  time  by  a  visit  to  the  works 
mentioned. 

With  rc-gard  to  the  question  of  "dynamic''  cleansing,  it  was 
not  claimed  that  the  very  simple  and  somewhat  makeshift 
armngement  in  use  at  Ditierdingen  was  the  best  of  its  kind,  or 
chat  it  would  meet  all  cases.  But  it  had  served  its  purpose 
ialii£actonlyp  and  its  success  was  suOicIeut  to  prove  tliat  the 
U^Iy  elaborate  cleausing  plants  devised  by  some  inventors 
■il^t  safely  he  reserved  to  deal  witli  circumstances  even  more 
fliffieult  than  those  encountered  at  Differdingen.  More  perfect 
applianeea  might  doubtless  give  better  results,  but  cost  was  a 
prime  consideration  in  all  manufacturing  concerns. 

The  following  were  still  more  recent  results  obtained  at  the 
tfrenlingen  works  with  two  centrifugal  fans  arranged  in  sue- 
,,  mad  were  deserving  of  consideration  :^  l 
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DUST  IN  BUIST-FURNAGE  GASES. 


Dust  per  Cubic  Metre, 


Before  the  Fani. 


Ontnimet. 
S'39 
3-95 


After  First  Fan. 


Grammes. 
078 
0-61 


After  Second  Fan. 


GrammeB. 
010 
Oil 


The  following  papers,  on  "  Crystals  of  Carbo-Silicide  of  TA^ 
ganese  and  Iron,"  by  Mr.  J.  E.  Stead,  Member  of  Council,  uc 
on  "  The  Influence  of  Copper  on  Steel  Sails  and  Plates/'  b 
Mr.  J.  E.  Stead  and  Mr.  John  Evans,  were  then  submitted. 
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CRYSTAIS  OF  CAHBO-SILICrDE  OF  MANGANESE 
AND  IRON 

By  J.  E.  STEAD  {Mkmbir  ov  Coukgil). 

bears  or  huge  masses  of  kish,  iroOj  slag,  and  bricks  which 
lalate  and  remain  in  the  hearths  of  blast-furnaces  after 
if  have  long  been  in  blast,  are  interesting  objects  for  scientific 
zh.  Many  discoveries  ol  d<ifinite  chemical  compounds,  and 
ifftii  of  real  transparent  diamondSj  have  been  made  in  the  past ; 
tod  this  note  is  a  description  of  some  clearly  defined  idiomorphic 
emtals  recently  discovered  in  the  hearth  of  a  blast-fnrnace  at 
Bl&ina^  Monmouthshire. 
The  furnace  for  some  time  previously  had  been  employed  in 
msBufacture  of  rich  ferro-mangauese.  During  the  Welsh 
ieis'  strike  it  was  damped  down,  and  eventually  was  blown 
Mr.  E*  Poulaine,  general  manager  at  the  Blaina  Works, 
Ibo  kindly  supplied  me  with  the  crystals,  informed  me  they 
found  about  twelve  feet  below  the  hearth,  and  a  foot  or 
TO  lower  than  the  mass  of  the  "bear"  proper.  They  were 
id  in  a  cavity  of  tbe  sandstone  foundation  of  the  furnace, 
Jato  whieh  the  liquid  metal  had  entered  through  some  cracks  in 
stonework,  where  they  eventually  crystallised.  During  its 
lie  the  furnace  made  spiegel  and  ferro-manganeae :  no  silico- 
gn^el  nor  ferro-silicon  was  made. 

Bie  photograph  (Fig.  1)  was  taken  after  the  oxide  had  been 
'naooved  and  ia  one-third  larger  than  natural  size.     Fortunately 
few  of  the  complete  crystals  had  their  terminal  faces;  they 
evenly  coated  with  a  layer  of  what  appears  to  be  oxide, 
Biotisly  adherent  to  the  metallic  surfaces.     On  digesting  in 
aog  acid,  this  was  dissolved   away,  leaving   the   faces  dull, 
^oftjons  of  the  metallic  crystals  were  separated  and  analysed, 
ith  the  following  results : — 

After  D«dQoting 
6'l6  0jtyfeii>  &c* 
Per  Cent  Per  Cent. 

MAOCMieM.        .......     61 -TS  54-5$ 

iMD  .........  S576  ar-Ti 

tmidba         , 3^2  3  82 

lOOHW  100  OO 
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On  examiuiQg  the  crystals  microscopically,  it  waa  noticed 
what  to  the  uoaided  eye  appeared  to  be  homogeneous  metd 
not  actually  so,  as  tlie  parts  nearest  to  the  surface  cotisisti 
mixtures  of  metal  and  oxide,  hence  the  large  balance  Itft 
accounted  for  in  the  analysis  of  5"  16  per  cent. 

In  endeavouring  to  ascertsiin  by  calculation  if  the  crystals 
any  definita  chemical  composition,  it  was  found  that  the  rat 
the  atoms  of  the  matala  to  those  of  the  nietalloida  is  very  near 

(0-6  Mil  0'4Pt*)7  (0-3SJ  07C)s 

Professor  Bauerman  is  of  the  opinion  that  the  crystals 


Fig.  1, 


a  composition  sutiicienLly  close  to  be  regarded  as  the  mt 
expressed  by  the  formula  {FeMn)^  (SiC). 

By  calculation  it  is  found  that  these  compounds  would 
the  following  percentage  composition  :— 


i 


1 
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(MnFe)7  (SiC)2    (MnFe)3  (SiC) 

Per  Cent.  Per  Cent. 

Manganese 54*74  54*14 

Iron 37-21  36  65 

Silicon 403  4*60 

Carbon 4*03  460 

At  Mr.  Spencer's  suggestion  successful  attempts  were  made  to 
obtain  a  sufficient  quantity  for  analysis  of  the  unaltered  kernels 
of  the  crystals.  This  was  effected  by  treating  the  whole  crystals 
with  strong  hydrochloric  acid  until  only  the  homogeneous  central 
portions  remained.  After  removing  the  acid  and  washing  with 
water,  the  metallic  portions  were  boiled  with  caustic  soda,  and 
were  washed  in  water  and  alcohol  and  then  dried.  After  crushing 
to  fine  powder,  they  were  analysed  with  the  following  results : — 

Per  Cent. 

Manganese 56*80 

Iron 34*80 

Carbon *        .        .         .         .       8*90 

Silicon 8*31 

Not  determine<l 1*19 

100  00 

The  ratio  of  the  metals  to  non-metals  is  (MnPe)^^  (CSi)^,  a 
result  which  does  not  appear  to  support  the  view  that  they  were 
originally  (FeMn)3  (CSi). 

On  examining  microscopically  the  central  parts  of  the  crystals 
where  no  oxides  were  present,  they  were  found  to  be  quite 
homogeneous,  and  were  thus  proved  to  be  what  are  commonly 
called  isomorphous  mixtures,  mixed  crystals  or  solid  solutions. 
The  compound,  therefore,  may  be  described  as  a  double  salt,  and 
probably  consists  of  a  homogeneous  mixture  of  carbo-silicide  of 
iron  and  carbo-silicide  of  manganese.  The  double  salt  may  be 
called  "  Carbo-Silicide  of  Manganese  and  Iron." 

The  discovery  of  these  crystals  helps  one  to  understand  the 
constitution  of  ferro-manganese,  and  possibly  also  spiegeleisen, 
and  to  note  that  the  silicon  and  carbon  do  not  form  separate 
constituents  with  the  manganese  and  iron,  but  unite  with  the 
metals,  yielding  double  salts. 

Professor  H.  Bauerman,  and  Mr.  L.  J.  Spencer  of  the 
mineral  department,  British  Museum,  have  carefully  examined 
the  crystals,  and  each  gentleman  has  described  them  as  belonging 
to  the  orthorhombic  system. 

1901.— i.  F 
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The  following  drawing  (Fig.  2)  is  by  Professor  Bauermai 


Wo 


110 


Fig.  2. 

Mr.  Spencer  has  made  careful  measurements  of  the  s 
and  he  has  kindly  given  me  permission  to  introduce  his  i 
which  is  as  follows : — 

**  Crystalline  systnn  :—Orihothomh\c  (holohcdral). 
/twm«:— A  priam,  w  (110)  :  a  pyramid,  p  (111)  :  the  baial  pinaooid, 
c  (001) :  the  bracby-pinacoid,  b  (010). 

"  The  faces  are  dull  and  drusy,  and  do  not  give  any  re: 
image  of  the  goniometer  signal.  The  mean  of  several  re^ 
taken  in  the  position  of  maximum  illumination  gives  the  f 
ing  approximate  values  for  the  angles  : — 

cp  (001 :  lll)=5r.     mm'"  (110 :  lI0)=66^ 

"  The  corresponding  axial  ratios  are  : — 

a  :6:c=0-65: 1:0-67. 

"  The  drawing  (Fig.  3)  illustrates  the  habit  of  the  inoi 


m 


m 


IV 


Fig.  3. 


tinctly  developed  crystals  with   terminal  faces.     Other  cr 
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tkow  only  the  faces  in  the  prism  zone,  and  are  longer  in  propor- 

thn  to  their  thickness.  The  largest  crystal  is  about  3  centi- 
i&etres  long,  and  a  crystal  of  the  habit  shown  in  the  figure 
is  abont  1  centimetre  long. 

"  The  whole  mass  of  material  consists  of  an  irregular  aggregate 
of  these  crystals,  which  are  dull  iron-black  on  the  exterior. 
Fractured  surfaces  show  a  metallic  lustVe  with  a  steel-grey 
colour,  usually,  however,  with  a  bronze-coloured  tarnish.  The 
fracture  is  conchoidal  to  uneven,  and  the  material  is  very  brittle. 
Hardness  =  65  (Mobs'  scale)." 

In  seeking  to  trace  the  genesis  of  these  crystals,  the  fol- 
lowing primary  facts  are  noted  : — 

1st,  That  they  were  not  reduced  from  the  ore  in  sitHy  but 
that  the  metallic  portions,  including  some  of  the  carbon  and 
silicoii  in  combination,  were  derived  from  tlie  material  at  a 
point  above  the  tuyeres,  and  this  eventually  percolated  through 
the  solid  hearth. 

2nd,  That  after  reaching  the  siliceous  material  in  the  hearth, 
the  metal  suffered  very  material  change. 

3rd,  That  the  comparatively  large  size  of  the  crystals  proves 
that  the  period  during  the  passage  from  the  liquid  to  the  solid 
state  must  have  been  protracted. 

4th,  That  when  the  crystals,  as  found,  were  fully  formed,  the 
still  liquid  metal,  in  which  they  were  growing,  flowed  away, 
leaving  tliem  protruding  into  a  drusy  cavity,  formerly  occupied 
by  the  liquid  metal. 

5th,  That  eventually  oxidising  gases,  such  as  steam,  carbonic 
acid,  or  air  penetrated  the  cavity,  causing  the  superficial  oxide 
coating. 

The  composition  of  ferro-manganese  varies  between — 

50  per  cent,  and  82  per  cent,  manganese. 
6        ,,  ,,      67     ,,        carbon. 

0*2     ,,  „      1*0     „        silicon. 

In  no  case  does  it  contain  so  little  carbon  or  so  much  silicon 
as  was  found  in  the  crystals. 

It    is    well    known    that    when    manganiferous     metals    are 
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melted  in  contact  with  siliceous  materials,  the  manganese  ac^ 
upon  and  reduces  a  portion  of  the  silica,  according  to  tb 
following  equation — 

2  Mn+Si02=2  MuO+8l 

In  order  to  obtain  in  the  laboratory  conditions  similar  u 
those  in  the  hearth  of  the  blast-furnace,  where  the  molten  meti 
was  in  contact  with  siliceous  matter,  a  sample  of  80  per  ceni 
ferro-mangauese  was  maintained  at  a  white  heat  for  Ysxm 
periods  in  presence  of  ganister  sand.  In  conducting  the  ex- 
periments, crucibles  were  lined  with  the  ganister;  about  oi] 
grammes  of  the  ferro-manganese  were  placed  on  the  botton 
of  each,  and  this  was  covered  over  with  a  thick  layer  of 
ganister.  Three  experiments  were  made,  in  which  the  crucibles 
were  maintained  at  whiteness  for  two,  three,  and  four  horns 
respectively.     The  following  are  the  results  obtained^  viz. ; — 


Heated  to  Whitenen. 

'           Original 

' 

_ 

1  Forro-MHitgniiest*. 

Two 

Three 

t       Foar 

Houi-H. 

Hours. 

Hon™. 

Per  Cent. 

'  Per  Cent. 

Per  Cent. 

Per  Cent 

Maiignnege 

81-27 

,      7810 

75^ 

74  DO 

Iron 

ir(K) 

'      12-45 

13-00 

13-85 

Carbon    . 

6-51 

5-73 

4-97 

371 

Silicon    . 

0-39 

333 

6  01 

7-90 

Phosnhorus     . 
Not  deterniiued 

0-25 

.       0-33 

0-36 

0  40 

.     ;              0-58 

006 

014 

1          100  00 

;    10000 

lOOOO 

100-00 

Taking  the  iron  as  a  constant  element  which  did  not  sufiei 
change  during  the  heating  process,  it  was  found  by  calculatioi! 
that  of  100  parts  of  the  original  ferro-mangauese  used,  in  eacl 
experiment  there  would  remain  metal  of  the  following  com- 
position and  weight : — 
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i  Manganese 
i  Iron 

Carbon  . 
I  Silicon  . 
I  Phosphorus 


Loss  of  manganese 
IxMM  of  carbon 


Gain  in  silicon 
Nets  loss 


I 


Period  of  Heating  to  Wbiteness. 

Two    ; 

Hours.      , 

Three 
Hours. 

Four 
Hours. 

Per  Cent. 

69-06 

11-00 

506 

2-94 

0-25 

Per  Cent. 

63-97 

11-00 

4-21 

5-09 

0-25 

Per  Cent. 

58  70 

11-00 

2-91 

6-28        1 
0  25 

13-21        : 
1-45       1 

17-30 
2-30 

22  57 
3-50 

14-66 
2-53 

19-60 
4-70 

26-07 
5-89 

1213       , 

14  90 

2018 

According  to  the  equation  2Mn  +  SiO^  =  2MnO  +  Si,  28  parts 
of  silicon  in  the  silica  are  equal  to  110  parts  manganese. 

The  silicon  reduced  from  the  ganister  in  the  above  cases  is 
equivalent  to: — 


Manganese  =  silicon 
Mangane!»e  actually  oxidised 


Two 
Hours. 


Per  Cent. 
9-92 

13-21 


Three 
Hours. 


Per  Cent. 
18-42 

17-30 


Four 
Hours. 


Per  Cent. 
23  09 

22-57 


The  great  discrepancy  between  the  calculated  and  the  actual 
results  in*  the  two-hours*  experiment  is  possibly  due  to  oxidi- 
sation caused  by  the  passage  of  oxidising  gases  through  the 
crucible  lining.  The  less  proportion  than  that  found  by  calcula- 
tion in  the  three  and  four  hours'  experiments  is  probably  due  to 
influence  of  the  carbon,  which  at  high  temperatures  would  reduce 
some  of  the  manganese  at  first  oxidised  by  the  silica.  In  each 
experiment,  the  buttons  were  thickly  covered  with  graphite,  but 
the  solid  metals  below  the  surface  were  quite  free  from  that  form 
of  carbon. 

These  experiments  clearly  show  how  it  is  that  the  silicon  got 
into  the  crystals,  and  they  also  explain  why  all  "  bears "  from 
the    hearths  of   furnaces   making  manganiferous  alloys  contain 
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metal  invariably  high  in  silicon,  which  is  as  invariably  ai 
panied  by  large  quantities  of  graphite ;  for  the  metal,  percolati 
between  the  joints  of  the  siliceous  bricks,  acts  upon  the  silii 
and  the  silicon  enters  the  high  carburised  metal,  partially  di 
posing  the  carbides  and  throwing  out  a  portion  of  the  carl 
which  escapes  as  graphite. 

In  the  experimental  trials,  the  ratio  of  the  atoms  of  the  m 
metals  to  those  of  the  metals  is  much  greater  than  in  the  crystakl 
found  in  the  hearth.  Success  has  not  followed  the  attempt  d 
produce  the  crystals  synthetically,  so  as  to  obtain  perfectl;! 
homogeneous  solid  solutions.  All  the  metals  experimenttlhl 
produced  contained  two  or  more  constituents ;  but  all,  judgin; 
by  the  relatively  greater  proportion  of  one  constituent  over  tk' 
others,  must  have  contained  double  carbo-silicides  of  manganesl 
and  iron. 

In  the  four-hours' experiment,  if  the  carbide  of  manganese  h^ 
been  quite  separate,  there  would  only  have  been  about  65  pa 
cent,  of  Mn3C,  whereas  one  of  the  constituents  occupied  a  voluitt 
approximating  to  90  per  cent,  of  the  whole  mass. 

It  is  difficult  to  explain  how  the  tenaciously  adherent  oxid« 
was  formed  on  the  surface  of  the  crystals.  On  crushing  them  to 
powder,  a  few  centigrammes  of  the  scale  were  detached  and  ar 
approximate  analysis  made  of  it.  The  oxide  was  capable  of 
being  attracted  by  a  magnet,  whereas  the  metal  from  which  ii 
was  derived  was  non-magnetisable.  An  approximate  analysis 
yielded  the  following  results : — 

Per  Cent. 

Iron 23-50 

Manganese 45*80 

Silica 10*61 

Carbon 3*34 

Oxygen,  kc 16*75 

100-00 

By  calculating  all  the  iron  into  equivalent  magnetic  oxide  of 
iron,  and  the  manganese  into  manganous  oxide,  the  sum  total 
including  the  carbon  and  silica,  exceeded  100  parts,  proving 
either  that  the  black  scale  contained  lower  oxides  than  those 
mentioned,  or  else  some  unoxidised  metal.  A  microscopic 
examination  at  once   showed  the  latter    hypothesis  to    be  the 
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orrect  onej  and  also  how  it  is  that  the.  oxide  adhered  so  tena- 
larciousiy  to  the  metaL  During  oxidisation  the  action  was 
Sieiridentljr  not  confined  to  the  metallic  surfaces,  but  penetrated 
^  for  some  distance  into  the  mass  of  metal  The  oxide  itself  con- 
1^1  tained  miauta  metallic  particleB  dietributed  through  it.  The  two , 
Bubstancea  were  thus  dovetailed  into  each  other,  and  there  was 
accordingly  a  complete  absence  of  any  clearly  dividing  line 
Btween  them. 
An  analogous  condition  results  on  heating  certain  nickel-steel 
lUoys,  when  the  scale  formed  adheres  with  great  tenacity  to  the 
[letah  Tlie  iron  is  oxidised  in  advance  of  the  nickel,  and  the 
cale  formed  contains  free  nickel,  which  is  continuous  with  the 
inoxidised  rnetal,  and  binds  the  two  together,  thus  preventing 
heir  ready  separation* 

On  calculating  the  composition  of  the  scale  back  into  its 
elementSj  it  is  found  that  both  the  silicon  and  tlie  manganese 
%re  in  excess  of  what  they  were  in  the  metal  before  being 
)xidi3edj  which  tends  to  show  that  the  oxygen  has  oxidised  a 
reater  proportion  of  these  elements  in  preference  to  the  iron* 
Tf le  following  analyses  show  this : — 


Iron 

Silicon     . 
Carbon 


Semlftt 


lOOSttle. 


F«r  Oant. 
45 -iO 

4'95 
33i 


rrm 


100  Metal, 
CaUulat^ii 
from  Scftle. 


100*00 


Origitiftl 
MetB^U 


Per  Cent, 
54-56 
37  "7 1 

3tl 


lOdiJO 


It  is  difficult  to  account  for  the  excess  of  carbon  over  the  3'71 
fper  cent  originally  present*     Possibly  it  may  have  been  precipi* 
tated  from  the  carbonic  oxide^  which  certainly  must  have  existed 
in  the  hearth  of  the  furnace,  according  to  the  folio  win  ]t^  equa- 
tion :— 

Si  +  2C0  =  SiOs  +  20. 

The  carbon  was  left  as  an  amorphous  black  powder  on  dis* 
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solving  out  the  soluble  matter  with  acid.  Graphite  was  total: 
absent.  Whatever  the  oxidising  agent  consisted  of,  appareoL 
it  was  too  feeble  to  oxidise  the  carbon. 

In  conclusion,  I  have  to  express  my  thanks  to  Mr.  Poulaic 
.Professor  H.  Bauemian,  and  Mr.  L.  J.  Spencer,  without  win: 
aid  it  would  have  been  impossible  to  prepare  this  note. 
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THE  INFLUENCE  OF  COPPER  ON  STEEL 
RAILS  AND  PLATES. 

By  J.,E.  stead  (Mkmber  op  Council)  and  JOHN  EVANS. 

The  effect  of  copper  in  iron  and  steel  is  not  well  known,  al- 
though much  has  been  written  on  the  subject.  It  is,  however, 
generally  believed,  in  this  country  at  least,  that  it  has  a  very 
deleterious  effect.  So  strong  is  this  prejudice  that  engineers  and 
others  frequently,  when  buying  steel  or  the  material  from  which 
it  is  manufactured,  specify  that  copper  must  be  practically 
absent.  As  the  facts  scarcely  justified  such  practice,  it  appeared 
to  us  desirable  to  draw  the  attention  of  the  Iron  and  Steel 
Institute  to  the  subject. 

Historical. 

One  of  us  *  has  recently  given  a  brief  summary  of  the  evi- 
dence contained  in  text-books  and  elsewhere  as  to  the  effect 
of  copper  in  iron  and  steel;  it  is  therefore  not  proposed  in 
this  note  to  refer  to  any  but  the  most  important  results  of 
previous  work  in  which  analyses  and  mechanical  properties  are 
correlated. 

Dr.  Edwin  J.  Ball  and  Mr.  Arthur  Winghamt  studied  the 
influence  of  copper  on  the  tensile  strength  of  cast  steel.  The 
alloys  were  made  in  crucibles,  and  when  melted  were  allowed  to 
cool  in  them.  Test-pieces  1  inch  by  ^  inch  by  ^  inch  were  cut 
from  the  solid  metal,  and  after  annealing  they  were  submitted 
to  tensile  tests.  The  results  of  these  are  given  in  the  following 
table : — 

*  "Copper  in  Iron  aud  Steel,"  by  J.  E.  Stead,  Jouifial  of  the  West  of  ScoUnnd 
Iron  and  SUel  Institute,  1901,  pp.  4-16. 
+  Journal  of  the  Iron  and  Steel  InstituU,  1S89,  No.  I.  p.  123. 


xifrLonrcR  of' 


iOK  8TKCL  RAIT^  AKP 


T«l-Pi«9tK(k 

UOpiWri 

<«- 

TrnwO* 

Otlftina  8l«r1 

0847 
2124 

7  171 
41i» 
4^44 

PM-Omt. 

am 

0-217 
0  71  a 

mas 

TiMiaiwr 
Ml 

In  ftddition  to  theie  tesU,  forging  tetU  were  made,  Noi 
forged  well  in  the  cold,  but  was  rediliort.  In  couclttdiog  their 
paper,  Dr.  Bull  ntul  Mr.  Wingtiam  sUte  that  witbiii  cerUtu  Utnits^ 
copper  does  not  prejuiiicially  aif«ct  the  mechanical  propertiaa  afi 
ittel,  but  iKiiDt  out  Ihiit  the  ezperimeiitt  were  of  oeoeistif  ooo^ 
ducted  on  a  amall  acale*  They  preftent^Kl  the  results  witii  eoiaJ 
dtffidenca  | 

Mr.  H.  H.  Campbell  *  has  proved  hy  a  large  naniber  of  ox-J 
perime&ta  that  0*25  per  cent,  copper  has  no  effect  upon  tbd 
tnechaniad  properties  of  the  steel,  excepting  that  of  lUghllf 
miiiDg  its  elastic  limit  If  any  thing,  tiie  copper  sieeli  ibov 
grater  dnctiUty  than  steels  with  less  copptT.  He  prei«dta  dii 
following  table : — 

Camparaiite  Phytknl  Proimrii^  »/  Lum-Ooiifmr  mmd  ififjh-Ofpfm' 
SUtl  Amjim. 


lalAShML 

Cpp*. 

tritiMis 

Itlrcnflk. 

LlsHt 

[i«eiMk«t. 

of  Am. 

fwCMa 
irr 

A    1 

Pw  I'.al- 
«-IO 
0» 

It 
I? 

Ha.  In. 

mm 

IM.  i«r 

i«,aii 

P«r  Caul.    I^  DtfU. 
37  df          8630 

:r7^       lem 

1  { 

UtII 

10 
11 

si,Ma 
mm 

49,tta 
aim 

mm 
mm 

ii«e 

erti 

OmpbiU  in  oommeuting  ou  these  reaulis  says :  "  It  wOl  Uj 
Uial  no  diSemnee  is  to  be  found  in  the  ultimate  at>«ngll| 
beiwi!«n  stecb  with  high-  and  low-copper,  althoa^h  all  the  hi 
were  made  in  the  same  way  as  nearly  as  possible,  the 


"^Oii  Ota  ItMSfartMf*  ui4  Profwrllw  «f  MrMittral  ttoal,**  p  V^  N«w  Tot^ 
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not  knowing  either  in  the  Bessemer  department  or  in  the  rolling 
mill  what  kind  of  iron  was  in  use.  Moreover,  the  high-copper 
gives  a  slightly  higher  elastic  ratio,  which  is  a  benefit,  and  also 
a  better  elongation  and  reduction  of  area." 

Professor  J.  0.  Arnold  *  appears  to  have  had  no  difficulty  in 
hammering  an  ingot  with  0*1  per  cent,  carbon  and  1'8  per  cent. 
copper.  The  following  mechanical  tests  made  by  him  of  pure  iron 
and  iron  alloyed  with  1*29  per  cent,  manganese  are  here  given  for 
comparison  with  the  steel  alloyed  with  1-8  per  cent,  copper,  viz. : — 


Pure  Irou. 


i  EUfltie  limit 

.  Tensile  strength . 

Hoognticm . 

Bedaetion  of  »rea 

C&rbon 

Mangnneae  . 

Copf»er 


Per  Cent. 

2177 

47  00 

76-50 

0  04 


Manganese, 
1-29  per  Cent. 

Copjjer  Steel. 

Per  Cent. 

Per  Cent. 

22-72 

30-8 

32-16 

34-8 

35  00 

30-5 

65  00 

62-2 

0-10 

0  10 

1  29 

1-81 

These  results  lead  to  the  conclusion  that  the  effect  on  the 
mechanical  properties  of  manganese  and  copper,  within  certain 
limits,  are  comparable.  Had  the  manganese  been  1*8  per  cent, 
instead  of  1*29  per  cent.,  probably  the  mechanical  properties 
would  have  most  closely  agreed  as  regards  the  tenacity,  elonga- 
tion, and  reduction  of  area.  The  great  difference  between  the 
effect  of  manganese  and  copper  appears  to  be  that  copper  has 
greater  influence  than  manganese  in  raising  the  elastic  limit. 

Mr.  T.  W.  Hogg  t  found  that  copper  does  not  tend  to  segre- 
gate in  steel.  In  the  centre  of  a  large  ingot,  where  the  phos- 
phorus and  carbon  had  greatly  segregated,  the  copper  existed  in 
practically  the  same  amount  as  it  did  near  the  outside.  The 
analytical  results  were  as  follows : — 


Carbon  . 
Sulphur 
Phosphorus 
Cop|>er  . 


si<le  of  Ingot. 

Near  tlie  Outside 
of  the  Inj-ot. 

Per  Cent. 

Per  Cent. 

0-75 

0  20 

015 

0()3») 

0-20 

(»-042 

0  054 

()052 

•  Journal  of  the  Iron  and  Steel  Inatitute,  1894,  No.  I.  p.  107. 

t  Journal  of  the  Society  of  Chemical  Industry,  vol.  xii.  p.  23G  ;  Journal  of  the  Iron 
and  Steel  Institute,  1893,  No.  I.  p.  388. 
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Mr.  Albert  Ladd  Colby,*  South  Bethlehem,  Pennsylvania,  la 
most  exhaustive  investigation  on  the  effect  of  copper  in  ft 
shafts,  gun  tubes,  on  ship  and  boiler  plates,  Bessemer  steel  ni 
&c,  has  proved  that  steel  may  contain  considerable  quantitiei 
copper  without  disadvantage.  He  did  not  find  that  0*56  per  ee 
copper  made  steel  redshort,  and  the  mechanical  properties,  wi 
cold,  were  quite  satisfactory.  The  following  analyses  i 
mechanical  tests  of  such  steel  are  selected  as  examples : — 

Gun  Steel. 

Per  Cent. 

Cop|>er 0*553 

Carbon 0'390 

Manganese 0*700 

Silicon 0*182 

PhosphorUH 0*057 

Sulphur 0*055 

Sj^dm^'ens        TenHile  Strength.         Elastic  Limit.        Elongation  in  Contract- 

Tested.  2  Inches.  A«a. 

Sq?a"r:  Kch.  S^Zl  iTch.  ^^  <^-^-  ^^r  O. 

Average.  29  25  17  16  3112  51'a 

Crank-Shaft  Steel. 

Per  Cent. 

Copper 0-565 

Carbon 0*250 

Manganese 0*640 

Silicon 0*149 

Phosphorus 0.047 

Sulphur 0'OS4 

Number  of  wi         i.-      •  ^  . 

Specimens        Tensile  Strength.  Elastic  Limit.  Elonjjation  m  ContraetM 

Tested.                                                                                     2  Inches.  Area. 

Tons  per  Tons  i>er                   j>^^  ^^„.  —       _, 

Square  Inch.  Square  Inch.                ^^'^  ^"*-  P««"  Cen 

Average.                   3511  20-64                       24  92  44-€7 

The  welding  and  flanging  properties  of  open-hearth  steel  c 
taining  0'575  per  cent,  copper  and  0138  per  cent,  carbon  ^ 
most  satisfactory,  and  Mr.  Colby  naturally  points  out  the  ne 
lessness  of  limiting  the  copper  in  boiler-fire  boxes  and  structi 
steel  to  0050  per  cent,  or  0*100  per  cent. 

Mr.  W.  Lipin  t  practically  confirmed  Mr.  Colby's    work, 

•  Iron  Age,  November  30,  1899,  p.  1 ;  Journal  of  the  Iron  and  Steel  ItiMtiiute  1 
No.  I.  p.  412. 

t  Stahl  und  Eiten,  vol.  xx.  p.  536-541.   583-590;  Journal  of  the  Iran   awtd 
Institute,  1900,  No.  II.  p.  561. 
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extended  his  researches  much  beyond  the  limits  of  0*60  per  cent. 
copper.  This  author  found  that  iron  containing  up  to  3  per 
cent,  copper  could  be  readily  worked.  Eedshortness  became 
evident  when  it  reached  4-7  per  cent.,  and  when  from  7  to  10 
per  cent,  was  present  it  cracked  badly  and  fell  to  pieces  under 
the  hammer.  The  following  analyses  and  mechanical  tests  are 
given : — 


Oiiginal  Iron. 

Cupreous  Steel. 

013  per  cent. 
0-30        .. 
014 

0009      „ 
0023      .. 
3-200      „ 

46*5  tons  per  sq.  in. 
3817 

13*3  per  cent. 

Carbon         .... 
Alangaoese   .... 
Silicon          .... 
Salpbar        .... 
Phosphoms  .... 
Copper         .... 

Tensile  strength  . 

Elastic  limit 

ElongHtioD   .... 

0*10  per  cent. 
014      „ 
0-09     „ 
0-034    „ 
0-023    „ 
Nil. 

26  tons. 

27*8  per  cent. 

It  is  shown  that  as  the  carbon  is  increased  the  copper  must  be 
reduced,  and  that  if  the  carbon  is  0*43  per  cent,  the  copper  must 
not  exceed  2  per  cent.  If  it  exceeds  that  limit,  redshortness 
becomes  evident.  The  same  author  has  shown  that  as  much  as 
1  per  cent,  copper  may  be  present  in  tool  steel,  but  as  the 
hardening  efiTect  of  copper  is  so  energetic,  the  quenching  of  the 
heated  steel  must  be  done  in  oil  rather  than  in  water.  It  is 
also  stated  that  copper  did  not  have  any  deleterious  effect  on 
weld  iron  or  in  the  puddling  process. 

The  evidence  given  in  the  careful  researches  above  referred 
to  is  most  exhaustive  and  convincing.  When  it  is  also  remem- 
bered that  steel  rails  with  above  0*3  per  cent,  copper  have  been 
used  in  America  for  many  years  without  any  disadvantage,  and 
that  Mr.  Henri  Schneider  of  the  Le  Creusot  works  actually 
patented  a  process  of  adding  copper  to  steel,  and  claimed  that 
steels  alloyed  with  copper  are  useful  in  the  manufacture  of 
armour  plates,  gun  barrels,  projectiles,  &c.,  it  appeared  to  be 
scarcely  necessary  to  make  further  research. 

Mr.  A.  Euhfus,*  however,  in  discussing  Mr.  Lipin's  investi- 
gations, disputes  the  conclusion  that  redshortness  is  not  brought 
about  till  the  copper  exceeds  2  or  3  per  cent.,  but  admits  that 

*  SUUU  und  Eiten,  vol.  xx.  p.  691 ;  Jouitial  of  the  Iron  and  Stetl  Institute,  1900. 
No.  IL  p.  554. 


T«if  mrttrnwR  or  copfir  oh  wtnm.  rails  aku  futfh. 


0^4  per  eetit  copper  ttmy  be  present  in  ingat  iron  without  makii 
ii;  redflhort,  atid  that  in  sit^el  for  welding  it  should  not  eic 
O'S  per  eetit,      lie  aiideavour^d  to  explain  this  difTereiice  Wti 
liii  results  and  thoie  ot  Mr*  Lipiu  by  shawiog  that  the  latt 
made  bit  experimental  ateel  charges  in  cruetblea  which  w«m 
ao  liable  to  be  affected  by  oxid&iioti,  aa  bis  own  made  on  a 


Tim  reaults  obtained  by  Mr,  Colby  appear  to  be  a  sufBcii 
answer  to  Mr.  Ruhfni'  oontcntton  ;  at  least  for  steel  nanile  on 
large  scale  with  at»ont  0-6  per  cent,  copper.     As,  however.  Ml 
Colby  had  not  experimented  with  more  than  the  atnount  refer 
to,  il  appeared  desirable  that  further  pracliciil  trials  should 
made  with  steels  containing  between  0*5  and  2  |»er  cent  oo| 
to  asoertatn  at  what  point  copper  does  becotne  barmfnh     Wi 
have  therefore  made  several  charges  of  cupreous  steel  and 
thera  meehanically. 

RapoET  on  ExmuumrH  madi  at  flHTO!*, 

The  exjiertQients  were  made  at  the  works  of  Messrs.  Bokkon 
Vatighan,  &  Co.,  I*tJ.,  MiiMleshrongh,  and  every   facility 
given  as  by  Mr.   Diivid  Evans,  the  ^'cneral  tnsnagcr,  to  ol 
'  practilial  reaults.     To  him  and  to  his  agents  our  thanks  are  di 
for  vsluable  co-operatiun  and  asaistajice. 

The  system  ado[>ted  waa  the  same  as  tliat  previously 
one  of  us  in  determining  the  effect  of  arsenic  on  steel.     In 
trial  the  fluid  chaiige  o(  the  liquid  steel  in  the  hidle  was  divide 
into  two  parts,  to  one  of  which  waa  added  the  rhfiiient,  ll 
effect  of  which  it  was  sought  to  determine*     Ikith  parts 
then  cast  Into  the  iaiM  tise  tngota      By  this  means 
oomparable  rasults  were  obtained,  the  two  paru  diflering 
in  the  elenunt  addi»d.     Tlie  rolling  wan  oar^raUy  watcbe«l» 
steela  were  marked,  and  when  cold  were  carefully  teatadr 
ieriia  ol  BeiMemer  rail  steela  were  made  containing  rt^si 
mlMMH  0*5,  0*9,  1*9,  and  2  ]ier  cent,  oopper.     One  open^l 
cbai^ge  was  also  experimented  npon,  to  which  0'&  p^t  eent 
was  ailded.     In  all  cases  the  cold  copper  ingots  wban  thro 
into  the  liqttid  steal  readily  melted  and  niixeil  most  parfi 
with  it*     In  no  case  did  it  deaden  or  make  the  st^  more  li 
In  Iha  moulds. 
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In  every  parallel  case  the  steels  containing  copper  rolled  as 
perfectly  as  those  without  it,  with  the  exception  of  the  rail  steel 
containizig  about  2  per  cent,  copper,  which  was  torn  on  the 
flanges.  An  examination  of  the  finished  rails  (2  per  cent. 
copper)  showed  that  this  defect  was  caused  by  over-heating ;  the 
heads,  however,  were  perfect,  and  after  being  slotted  off  were 
reheated  and  rolled  into  wire  rod  without  cracking  or  breaking 
up  in  the  least  degree.  The  forgemen  and  rollers  were  of  the 
opinion  that  the  steel  could  be  easily  worked,  and  was  good, 
soond  material.  The  companion  ingots  without  the  copper 
under  the  same  heat  treatment  were  not  over  -  heated.  We 
conclude  from  this  that  steel  with  very  large  percentages  of 
copper,  although  not  redshort  in  the  ordinary  sense,  will  not 
bear  the  same  amount  of  heat  as  when  copper  is  absent,  and  that 
its  effect  in  this  respect  resembles  that  of  carbon  and  not  that 
of  sulphur. 

A  remarkable  result  was  obtained  in  the  trial  with  open- 
hearth  steel  in  which  0'5  per  cent,  copper  was  added.  In  roll- 
in*;  the  non-cupreous  part  every  ingot  cracked  perceptibly, 
whereas  the  same  steel  containing  the  copper  rolled  without  a 
flaw.  It  is  difficult  to  believe  that  copper  will  prevent  redshort- 
ness,  but  this  result  would  certainly  lead  to  the  belief  that  it 
does  so. 

Chemical  Analyses  of  Bessemer  Rath. 


Carbon. 

Manganese. 
Per  Cent. 

Silicon. 

Sulphur. 
Per  Cent. 

Phospliorus. 
I'er  Cent. 

(.'oi»i>er. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

series  L  — 

1 

Capreoas . 

0-42 

0-93 

0-065 

0-o:w 

0  067 

0-tso 

0-43 

0-94 

0-066 

0-030 

0  063 

0  025 

S«ne.II.— 

Capreous . 

049 

1        0-933 

0075 

0047 

0  082 

0-880 

^orsiHl     . 

0-480 

1        0-933 

0-070 

0-047 

0  084 

0  03;^ 

Serie*  111.— 

i 

CupreoaR . 

0-320 

0-640 

0-028 

0  055 

0  048 

1-286 

Xormal 

0-330 

1        1-090 

0-028 

0118 

0  049 

0  012 

Series  IV.— 

1 

CapreoQft. 

0-290 

0-676 

0-084 

0-044 

0  082 

2-000 

NonniU 

0-310 

0-676 

0084 

0-047 

0  084 

0-012 

The   analyses  were   made  on  drillings  taken  from  the   rails 
after  they  had  been  tested  mechanically. 

In   Series   No,  3  it  will  be  observed  that  the  manganese  in 
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the  normal  sample  is  much  higher  than  that  in  the  cnpn 
steel ;  the  sulphur  and  phosphorus  are  also  different,  from  it 
we  must  conclude  that  an  ingot  from  another  charge  was  ni 
by  mistake,  and  therefore  the  comparison  cannot  be  exact. 


Series  I.  (Cu.  0*48) 
.,  II.  (Cu.  0-8S9) 
„  III.  (Cu.  1-286) 
,.      IV.  (Cu.  2-000) 


Behaviour  of  Steels  during  Boiling. 
Both  steela  roHed  equally  weU. 


The  cupreous  rail  bunt  in  the  fluiges  durinc  r 
but  it  WM  proTed  that  the  mftterial  hd 
oTer*heated.  The  heads  w«re  not  flawed.  . 
sawing  them  off  they  were  reheated  and  roG 
wire  rod  without  a  flaw. 


Percussive  Tests. 

The  rails  in  Series  I.,  II.,  and  III.  were  of  bull-head  sect 
and  weighed  90  lbs.  per  yard.  Those  in  No.  4  series  y 
flanged  rails,  and  weighed  56  lbs.  per  yard. 

In  applying  the  percussive  tests,  pieces  of  the  rails  5  fee 
length  were  placed  on  bearings  3  feet  6  inches  apart ;  a  vc 
of  one  ton  was  allowed  to  fall  on  the  heads  from  a  heigh 
20  feet  in  the  cases  of  Series  I.  to  III.,  and  15  feet  in  Series 
After  the  first  blow  the  weight  was  allowed  to  fall  a  second 
from  the  same  height.  The  deflection  produced  was  nol 
after  each  blow  : — 


tSeriet  I. 


Series  II, 


SericM  III 


Series  IV. 


Defleotiona  in  Inehca. 


I  Cu]»r«?ou« 
I  Normal 
j  CupreouB 
I  Normal 
j  Cupreous 
I  Normal 


Fint  Blow. 
13A 


\^ 


{: 


JCupreoui i       {  4V 

{^omiAl i      {s^ 
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I  The  cupreous  mils  iu  No.  4  series  had  flawa  in  the  fiangea 
Bed  by  over-heating,  and  iti  consequence  a  second  blow  broke 
fracture  starting  from  the  flaws*  Had  the  rails  beea  sound, 
all  probability  they  would  not  liave  broken*     All  the  otlier 

Ipreoua  rails  stood  the  very  severe  test  without  breaking. 


Tensile  Tests, 

Portions  of  the  rails  were  cut  up,  and  test-pieces  were  turned 
to  shape  for  testing  by  tension*  The  following  results  were 
ktained  :^— 

^ries  No,  I. — Oopper^  0'60/wr  OmL 


■ 

Oupirtoiiii* 

NormitL 

1 

te 

EeMl* 

Web. 

He«tl.    1    H«4* 

Web. 

BlrvAkms  weigh i  (torn 
^t  p«r  noiuint  In  oh}  .     . 

Bkuifation  in  2  inehe* 
^Rmtrifition  of  iren 

}  45^9 

25  ^) 

Per  Cent 

18^ 
1276 

40*05 

per  Cant. 

210 
26  ■« 

48*3 

Per  Cent. 
18t» 

26^8 

1 
43^         44-80 
25*2 
Per  Cent.  Per  Citiil. 
m-O          20-30 
21*2         25-60 

4515 

Per  Cuut*! 
225 

35-9 

Average  Memth. 

Captioui, 

N&mmL 

Effect  of 
Cupper. 

Breaking  weiglit  (torm  per  Hqaarf!  iticlif 
Elutio  limit 

'E\em^t\on  in  2  inehm  .        .        *        .        * 
O&ntTMtion  of  iu^e« 

46*65 

26  00 

Per  Cent. 
19-30 
21':i8 

44-((3 
25 '20 

Per  Citit. 
20*06 
27-66 

+  1-22 
-0-20 

Per  Cent 
-618 

Smm  No.  IL— Copper,  0-889  fier  Cmt 


Cupreoui. 

NormuL 

Effect  of 
Copper. 

BTvtkking  weight  (tonN  [>er  iqunro  iach)     * 
Eloitic  limit       .         . 

EloDgjition  III  2  Inches       ,        ,        .         . 
Contmettoti  of  prea 

271 

Per  Cent. 
23-0 
37*0 

48-0 
24*8 

Per  Cent 

21^0 
320 

+1-4 
+23 

Per  Cent. 
-20 

■i-fi-o 
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Series  No,  III.—Cojfj>er,  1286  f>er  Ceni. 


Cui 


Normal. 


Breaking  weight  (tons  yter  ftquMr*  inch) 
BUstie  limit 


42-2 
38-0 

Per  Cent 
Blongatioii  in  2  inohee                                  .  ,  211-0 

Contraction  of  area 35*0 


41*6 
Per  Crnt.        Per  Cent. 


KfTect  of 
Copfier. 

4  0-6 

^4« 


3-0 
4  5 


Not  •trietly  ooroiiarahle.     (See  Analyece.) 
Unannealetl  Rail  HetuU— Series  No,  IV.^Copf»er,  200 //rr  On/. 


I  Breaking  weight  (ti>na  per  equare  inch) 
I  EUetie  limit 


Elongation  In  2  inches 
Contraetion  of  area    . 


Cnpreoni. 


497 
aft'9 

Per  (Vnt. 
21-5 
S&'4 


Normal. 


3»-7 
321 

Per  Cfnt. 
27  tl 
41-0 


Effect  ol 
iopper. 

+  10-0 
+  13^ 

P^rCeat. 
-   65 
'      -   6-6 


Auneahtl  Bails. 


Urge 
lle«.l.      I 


Cupreous. 

Web. 


L»rKe 
Head. 


Normal. 

WeK 


Breaking   weight   (tone   |>er  •*\n»rf!  {         431*  51*1  5*05 

inch) S 

Per  Ont.  Per  Ont. 

Klongation  in  2  inches      .                             231)  irD-lG-O 

Contracti«»n  "f  a»em  ....            32*0  37  1-42  4 


Caprtout. 


39G 


44  DO 


Percent    Prr  (Vat 
24  0  3&1I 

36-3  4«'30 


Normal. 


Kff<«taf 


Breaking  weight  (tout  |>er  sfiuare  inch) 

Klongatiun  in  *.'  inchee 

roiitractioii  of  area    .... 


47-35 

Per  C«»nt 
19  76 
85  87 


4180 

Per  Cent 
24  50 
41-30 


-r5  55 

Per  Cent 
-4-H5 
-5-43 


The  elastic  iiinit  woa  taken  by  dividers  in  every  case. 
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Open-Hearth  Steel. 

A  siDgle  charge  of  acid  open-hearth  steel  was  experimented 
open  in  the  same  manner  as  those  from  the  Bessemer  converter. 
It  was  divided  into  two  parts  when  fluid,  and  copper  ingots  were 
added  to  one  part  sufficient  to  yield  0*46  per  cent,  copper. 

The  following  are  the  analyses  of  the  steels  made  : — 

Chemical  Analysis. 

Cupreous.        Normal. 


Carbon 

Manganese  . 

Silicon 

Sulphur 

Phoaphorus 

Copper 


Per  Cent. 

Per  Cent. 

0-310 

0-820 

0-614 

0-614 

0028 

0-030 

0090 

0-090 

0-069 

0-069 

0-460 

0-021 

Behaviour  of  the  Steels  at  the  Eolls. 

Both  parts  were  rolled  into  ^inch  plates. 

YiThen  cogging  down,  the  normal  steel  cracked  and  appeared  to 
be  slightly  redshort,  whereas,  as  before  stated,  the  cupreous  steel 
passed  the  rolling-mills  without  showing  the  slightest  redshortuess. 

Tensile  and  Bending  Tests. 

Samples  taken  from  various  parts  of  the  cupreous  plates  on 
analysis  were  proved  to  be  homogeneous.  The  copper  did  not 
vary  more  than  0  01  per  cent. 

Test-pieces  were  shaped  and  tested  with  the  following  results  : — 


Cupreous . 


Xormsl 


Cupreoiu. 
I  Konul    . 


Thickness 
of  Plate. 


Ultimate 

Stress. 

Tons  per 

Square  lucli. 

Elongation. 

Per  Cent,  in 

8  Inches. 

35-3 

24 

35-1 

21 

33-8 

20 

34-9 

22 

34-6 

19 

35-8 

20 

36-3 

22 

37-4 

19 

36  fi 

20 

1         36-7 

21 

Cun  traction 
of  Area. 
Per  Cent. 


38-4 
40-3 
30-5 
42-8 
310 

37-5 
;<0'9 

41  1 
32-3 

42  7 


Average  Results. 

0-62 
0-48 

34-7 
36-4 

21 
21 


36-6 
367 
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The  difference  in  the  thickness  of  the  plates  is   sufficiem] 
account  for  the  greater  tenacity  of  the  normal  steeL      The  : 
show  that  the  copper  is  without  influence  on  the   properties] 
the  steel  when  cold. 

A  large  number  of  pieces  were  tested  by   bending,  but : 
difference  could  be  detected  between  the  cupreous  and  no 
steels. 

Weld  Tests. 

Both  the  cupreous  and  normal  steels  appeared  to  weld  equlj 
well,  but  this  part  of  our  research  is  not  quite  completed. 

Conclusion. 

The  above  results  confirm  most  fully,  as  far  as  they  go, 
conclusions   of    Mr.   Colby  and   Mr.   Lipin.      They    show 
copper  has  no  more  right  to  have  the  character  of   making  8t«| 
redshort  than  carbon.     Tliey  prove : — 

1st.  That  between  0*5  and  1*3  per  cent  copper  has  no  dd^' 
terious  effect  on  either  the  hot  or  cold  property  of  steel. 

2nd.  That  a  very  large  amount  (2  per  cent.)  makes  the  ste^l 
more  liable  to  be  over-heated. 

3rd.  In  small  quantities  it  slightly  raises  the  tenacity  and  tb 
elastic  limit,  but,  unlike  phosphorus,  does  not  sensibly  make  & 
steel  liable  to  fracture  under  sudden  shock.  Like  carbon,  i: 
reduces  the  power  of  the  steel  to  extend  under  stress,  but  this  is 
not  pronounced  when  the  quantity  is  small.  The  effect  is  moR 
marked  when  large  quantities  are  present. 

4th.  That  if  the  evidence  of  the  open-hearth  steel  trial  cu 
be  confirmed,  cop[K'r,  instead  of  producing  redshortness,  has  the 
contrary  effect  of  changing  redshort  steel  into  steel  which  wiQ 
roll  without  cracking. 

The  President,  in  moving  a  vote  of  thanks  to  Mr.  Stead,  tiid 
that  the  paper  would  be  disoussod  at  the  meeting  in  Glasgow, 
and  therefore  there  would  be  plenty  of  opportunity  for  invesU- 
gators  to  confirm  or  controvert  Mr.  Stead's  arguments. 

The  vote  of  thanks  was  unanimously  accorded,  and  the  follow- 
ing paper  was  read  : — 
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A  COMPARISON  BETWEEN 

AMERICAN  AND  BRITISH  ROLLING-MILL 
PRACTICE. 


I 


Bt  WILLIAM  GARRKTT  (Clzvklakd.  Ohio). 

cmdiiian  ot  the  iron  and  steel  trade  in  Great  Britain  to- 
day id  attracting  a  great  deal  of  attention.  The  supremacy  so 
long  held  has  been  lost,  and  large  quantities  of  foreign  raw  and 
ftpiahed  material  are  being  imported.  Nevertlieless,  we  have  it 
oA  the  authority  of  Sir  Ijowtliiati  Bell  and  Mr,  C,  Kirchhoff  that 
Great  Britain  can  produce  pig  iron  as  cheaply  as  the  United 
Scales*  The  imports  of  tin-plate  bars,  soft  a  tee!  billets,  plates 
tad  sirips,  indicatftj  therefore,  that  there  ia  something  wrong 
with  the  British  method  of  making  Bessemer  steel  ingot  and 
Foiling  it  into  billets. 

Blmming  Mills, 


Am  my  remarks  are  addressed  exclusively  to  English  members 
of  the  Institute  engaged  in  rolling-mill  practice,  I  will  begin  my 
eompariaon  witli  the  blooming  or  cogging  mill. 

I  ittiderstand  Great  Britain  to  be  the  birthplace  of  the  Rams- 
bodom  reversing-engines  and  reversing  blooming  nulls.  Americxi, 
10  its  early  history  of  making  Bessemer  steel,  adopted  the  three- 
higli  system,  and  no  two  men  have  done  more  to  perfect  this 
syitain  than  Mr.  John  Fritx  and  his  brother  George,  but  since 
advent  of  the  four-inch  billet,  which  is  now  so  universally 
in  the  United  States,  the  two-high  reversing  mi  11a  have 
e  almost  universal,  except  for  rail  mill  purposes.  We 
itBiply  copied  what  you  had  already  done,  and  improved  on 
it  The  reason  why  a  three-hi^;h  mill  ia  not  considered  so 
anell  adapted  to  make  four-inch  billets  is,  because  when,  as  is 
m  the  case,  a  6000  lb.  ingot  is  used,  the  piece  would  be  over 
feet  long  when  finished  to  a  four-inch  billet,  and  the  lifting 
tabl^  would  have  to  be  very  long^  in  fact,  too  long  to  be  con- 
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veuitititly  haiidledp  bo  with  the  excepiiua  of  one  or  two  utillil 
which  make  some  other  prodoct  than  billeta,  all  fqur*itich  billeUll 
art  made  on  two-hi^'h  reversin*^  mil  la.  { 

Logiodljr,  no  other  eountry  tiliauhi  have  been  before  Gre*l| 
Britain  in  adopting  tire  four-inch  billet  m  the  standard  aimi,  and 
the  fact  h,  itmt  no  coitntry  is  mr>re  pn^judieeil  agminat  it.  I 
will  endt^avour  to  explain  why.  All  of  your  bloomitii;  luUU  amj 
attached  to  finiithin*^  mills,  upon  which  joti  make  raits,  strticturalj 
ahapei,  large  loerohaut  barw,  and  small  billrts.  Owing  to  thJi{ 
dtirersttj  of  product  from  one  mill  there  is  neeesaardy  a  g 
deal  of  full  chat]};,nD^%  and  when  chan^^ing  rolls  the  whole  sy«Uri^ 
ta  stopfieii  up  to  ihe  niftkiti;^'of  Beaaemerftt*?el — every  thing  stand 
iDg  itill  time  loat«  money  lost,  and  phmt  non-producitve.  Ii 
some  places  duplicate  iinishing  mills  are  used  in  order  to  prevrnl 
this  loRS,  If  your  cogging  mills  were  adapted  to  make  fcMU^ 
inch  billuts,  as  in  the  United  Slates,  and  your  small  merdmnt 
and  rod  mills  adapteil  to  take  a  four-inch  btUt%  all  this  Iiiai 
would  be  obviated.  The  expense  for  an  extra  mill  would 
be  unneoeasary»  as  you  conlii  be  making  four-inch  billets  whOl 
changing  rolls*  In  onier  to  make  aaj  a  two-inrh  billet,  fo\ 
must  go  through  nearly  ail  l\\e  motions  of  making  a  rail,  exoepl 
straightening*  drilling,  &e. ;  you  must  usi*  the  whole  inin  and 
the  same  number  of  men ;  and  a  twi>«ini'h  billet  costs  nemrljr 
much  t/>  make  as  angle  barfl.  You  should  also  be  able  tn 
alabs  suitable  for  making  light  plates^  but  you  roll  nothing 
blooiui  iaitahle  for  the  finished  materia)  for  which  your  (m 
mill  is  adapted*  All  that  is  necessary  to  make  a  four*inch 
and  slabs,  and  any  size  of  bloom  for  mils,  &c^.  is  a  pair  of 
exactly  the  same  as  in  general  use  on  a  blooming  mill  to  ih#' 
United  Btates.  witli  the  necessary  room  for  shearing  and  taking 
care  of  the  billets.  That  it  is  desirable  to  find  a  market  fo^ 
what  sises  you  can  make  on  your  blooming  mill  while  cbaiigiii|j 
rolls  is  evident,  s«etng  that  your  German  competitorm  Itani 
reoeiiUy  adapted  themselves  to  take  a  five-inch  square 
vbiob  ibey  toll  at  one  beat  into  wire  rods;  in 
{ilioea  they  take  a  six -inch  or  seven 4ncb  bloom  and  roll  il 
'  into  rods  at  the  one  heat.  Theie  blooms  are  sold  at  a  lowif 
rmte  than  two^iocb  billets,  as  tht*y  are  able  to  make  thosa 
on  their  bloomtng  mill  while  changing  rolls*     This  is 


aquara  biUitt 
fact,  in  Mnf 


^i 
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number  one,  adding  to  the  cost  of  all  the  material  you  make  on 
your  fever&iDg  blooming  mills.  Next  is  the  time  lost  on  account 
of  the  irregular  way  in  which  you  keep  your  mill  filled  up  with 
ualeriaL  In  the  United  States  the  greatest  eflfort  is  made  to  find 
sumetliiog  for  the  blooming  mill  to  do  while  changing  rolls,  and  to 
Iceep  the  mill  continually  full  of  material.  It  is  an  acknowled^'ed 
fact  in  regard  to  American  mills  that  stoppages  from  breakages  or 
onforeseen  cause  are  considered  a  misfortune  by  the  manage- 
Time  lost  throngh  not  keeping  the  mill  full  is  considered 
a  efime,  and  results  in  the  immediate  diamisial  of  the  responsihle 
ptrty.  Go  to  the  manager's  office  in  connection  with  any  well- 
calablished  steel  plant  and  you  will  see  on  record  a  statement  of 
wbmi  has  been  done  in  every  department  during  every  hour  of 
lliat  day*  and  the  cause  for  every  minute  of  lost  time,  if  any.  But 
it  may  be  said  by  some  that  owin»f  to  close  attention  to  this 
point  Ibe  American  mills  and  engines  are  better  constructed  than 
those  in  Great  Britain  to  stand  this,  you  may  say,  undue  pressure, 
I  may  here  eay  that  the  blooming  mill  holding  the  world's  record 
for  tb#  production  of  four-inch  billets  per  twenty-four  hours — 
having  produced  1260  gross  tons  in  that  time,  at  the  plant  of 
tile  Lorain  Steel  Company,  Lorain,  Ohio,  from  an  eighteen-inch 
by  twenty-inch  ingot,  weighing  5500  Ibs.-^is  driven  by  a  Gal- 
bwEy  engine,  and,  in  juj^tice  to  the  English  engine-builder,  I 
tnay  mM  that  no  engines  in  the  United  States  give  better  satis- 
faction than  the  three  Galloway  engiues  at  the  plant  of  the  Lorain 
Steel  Cooipany. 

I  will  now  briefly  consider  your  rail  mills.  Why  is  it  that 
on  do  not  make  a  larger  tonnage  in  them  ?  Is  it  because  you 
not  desire  to  ?  If  this  is  the  case,  1  have  nothing  further  to 
%j  on  that  point.  However,  if  the  reply  is  that  you  cannot 
ffid  a  market  for  any  more  tonnage,  then  I  will  ask  why  the 
Ameriemn  manufactuiers  ship  so  many  thousand  tons  of  rails 
10  the  foreign  markets  that  were  once  yonrs,  and  underbid  you 
^et  orders  ?  Wliy  is  it  that  you  are  making  rails  in  every 
-high  reversing  mill  in  your  country,  and  in  so  doing  not 
toeing  your  orders  for  rails^  but  allowing  thonsfinds  of  tons 
of  Un-plit©  bars  to  coma  into  your  tin-plate  districts,  whereas. 
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if  yon  eould  produce  more  rails  in  a  given  lime,  yoit  wouM  hdvi< 
more  time  to  make  tin-plate  bars ;  aii4  if  your  rail  tuilU  are  0OI 
so  well  idapldd  aa  they  ought  to  be  for  making  rails  or  titi*pliit«. 
bara,  la  it  not  better  to  remedy  the  evil  than  to  loae  tmde  ti 
Bat  aie  you  taking  ont  the  maximum  prmluetion  fn^m  the  rmiti 
mills  you  have,  and  have  you  the  best  adapted  milla  for  mAking 
ttn*plate  bars  f  I  queatioa  both,  from  what  I  have  aoen  in  tbii 
country  and  tlie  United  Statea.  Do  yon  keep  your  rail  mill  full 
of  ateel  from  six  in  the  morntng  to  aix  at  ni<|ht,  as  they  do  in  thii 
United  Statea,  where  this  h  the  rule  and  not  the  exception  ?  If 
not,  then  that  is  one  renson  why  you  cannot  ^el  the  same  pfo*^ 
ductiou,  tmd  mauufacture  aa  chfiiply.  Do  you  keep  two  bai 
the  roughing*  and  two  bars  in  the  Hnbhing  at  tlie  aame 
If  not^  then  you  differ  from  the  American  practice — th 
ooone  on  tbree-high  mills — and  thia  is  another  rt^aaon  why  jout 
output  is  not  ao  great  But  are  your  reveratng  milta  iida^«d 
thai  two  bare  catt  be  handled  in  the  same  parr  of  rnlls  at  iM 
same  time  7  Perhapa  not,  but  aneh  is  the  difference  in 
tions.  It  is  my  opinion  that  you  try  to  roll  too  mjuiy  diffii 
kinds  of  shapes  and  sisea  on  the  one  mill  For  a  jobbioj 
merchant  mill,  in  my  opinion,  no  mill  ia  more  auitable  than  aj 
reversinf^  mill  and  whtn  the  Lindsay  cml-clutch  gains  Uio  fyU{ 
confidence  of  the  Mteel  manufacturer,  a  reversing  mill  for  roUtqd 
large  sizes  of  merchant  bara  will  become  more  popular  than  over«| 
However,  m  view  »(  what  ia  being  done  in  the  United  Stal«i«^ 
it  ousnot  be  admitted  that  it  it  the  beat  type  of  mill  forj 
foiling  rails,  i 

Tin-Ptait  Bar  Milh,  I 

One  of  the  atock    arguments  of  the  British  iron  and  steel  < 
manufacturer,  when  his  attention  is  drawn  to  tht^lar^e  production 
of  tiie  American  rolling  miUsi  is  as  follows :  **  If  we  bad  aucb^ 
lAige  demand  for  such  special  material  as  you  have  in  the  United 
Statas,  we  would  not  lieaitate  a  moment  to  put  in  apectal  itiilla 
and  applianoea  to  handle  the  material,  and  produce  ma  much  and, 
aa  obeaply  aa  yon  do/'     What  alwut  tin-plate  bara  t     Prior  to 
llm  yiar  1893,  few«  if  any,  tin  plates  wi^re  made  in  tbe  United 
Stnt«i,  and  yet  tliat  country  was  the  largest  near  of  tin  plate  in 
the  world.     For  yeara  previous  to  thnt  time  tbere  wen  imported 


J 


AMKRICAN    AND    BRITISH    ROLLISG-MILL    PKACTICE.  105 

Great  Britain  from  300,000  to  350,000  tons  of  tin-plate 
annum,  and  this  was  but  75  per  cent,  of  what  Great  Britain 
In  Great  Britain  there  wa&  thus  a  demand  for  about 
OiOOO  tons  of  tin-plate  per  annum,  calling  for  approj?imately 
|O,000  tons  of  tiu- plate  bats  every  year.  Was  not  that  a 
cient  amount  of  special  material,  and  enough  to  induce 
ae  one  to  put  up  special  mills  for  making  tin-plate  bars  ? 
seems  not,  for  if  anything,  the  mills  yon  make  tin-plate 
on  to-day  (after  losing  nearly  all  of  that  trade)  are  better 
n  they  were  when  you  had  almost  a  monopoly  in  the 
■nufacture  of  tin  plate  for  the  world ;  so  you  must  confess 
it  due  diligence  was  not  shown  with  a  view  to  taking  ad- 
ntage  of  the  favourable  conditions  at  that  time.  What  did 
ur  American  cousins  do,  with  the  demand  for  tin-plate  bars 
ibout  100,000  tons  per  year  less  I  Why,  some  of  the  best,  if 
lot  the  best,  machines  there  are  in  the  United  States  for  the  roll- 
pg  of  steel  are  mills  for  making  tin-plate  bars,  and  to-day  they 
.re  pushing  their  tin-plate  bars  in  thousand  ton  lots  right  into 
'our  tin-plate  districts.  Among  the  most  noted  tin-plate  bar 
nills  in  the  United  States  are  those  at  the  following  plants : 
rhe  Duqnesne  plant  of  the  Carnegie  Steel  Company ;  tlie  National 
rin-PJate  Bar  Mill  at  Youngstown,  Ohio ;  the  Bellaire  Steel  Cora- 
mny,  Bellairej  Ohio  \  and  the  mill  at  Vandergrift  lately  owned 
ly  the  Apollo  Steel  Sheet  Company  (all  of  which  mills  njany  of 
rou  have  seen).  Each  of  these  mills  is  of  a  special  type,  and 
rom  the  ingot  to  the  finished  bar — even  to  the  placing  of  the 
atter  on  the  cars — all  of  the  work  is  done  liy  machinery.  The 
■esult  is,  tin-plate  bars  are  sold  for  |1  per  ton  above  the  cheapest 
iteel  product  in  the  country,  ix*  a  four-inch  billet  (and  in  some 
^ases  even  less).  It  is  true  that  these  mills  cost  a  great  deal  to 
3ail4  but  money  is  no  object  to  the  American  manufacturer  if 
le  can  but  see  a  fair  return.  I  must  confess,  from  my  experi- 
mce  and  ohservationj  tliat  the  British  manufacturer  is  rather 
conservative  on  this  point.  With  a  large  tin*plate  trade,  no 
*ffart  is  being  made  to  prevent  foreign  competitors  sliipping 
in-plate  bars  right  into  the  country  from  a  diitance  of  3500 
3iile& 
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mrutlnrul  Strd  MiU$, 

Stiiictitral  steel  callg  for  little  notice,  an  I  c&ntiot  see 
A  markoil  dtfTemnco  in  the  British  and  American  metl 
tfiilied  the  Carnegie  Steel  Compmiy  roll  all  of  their  atructiaf 
atael  oo  i\m  thrise-bigh  syitem,  while  the  l*encoyd  Iron  WorM 
mil  Uieir  material  pfirtljr  on  the  three-high  and  partly  on  thi 
two-high  ayAteni.and  ojiinion  li  fairif  eveoiy  div'idecl  as  to  wbidi 
is  best  nml  will  make  the  larger  tonnage.  Tlie  practice  in 
Great  BnUiiti  and  oti  the  Coniitient  is,  I  t]nden$utid«  to  use  thi 
two-high  reveraia^  niill.  Whilst  with  this  system  the  cost  o| 
labour  may  be  more,  the  yield  of  finished  proflitot  is  ^reatcf 
than  with  the  three«high  mill  The  advantages  and  disadvan* 
tagea  thus  appear  to  me  to  be  evenly  balanced. 


Plait  Milh,  ^ 

It  may  if^^t^ni  Htran^^'c  to  himr  an  Anit^rican  say  that  be  b<»lievea  | 
two*high  reversinj^  mill  for  rolling  pSaU^s  to  be  better  than  the  tbrM* 
high  niUl  with  the  imall  roll  in  the  middle,  bnt  I  must  franklf 
oomhm  that  suoh  is  my  opinion — this*  it  muHt  l»e  l>ome  in  niiiwl 
for  plates  flve-sixteenths  of  an  inch  thick  and  above — and  wiff 
it  not  that  a  reverming  engine  takee  more  steam  than  a  positiift 
running  f  ntnnf%  I  tlunk  there  is  no  qntstion  of  the  advantages  j|| 
favour  of  a  revt^rsing  niilh     I  base  my  opinion  on  the  following  >4 

Fir%t,  thera  are  no  lifting  tables  required,  which  are  very  hard 
to  keep  up. 

Second,  if  the  three^high  inill  is  better  adapted  to  roll  this 
plates*  the  reveming  mill  Es  letter  adapted  to  roll  thiok  plate* 
PUeing  a  five  nr  ten  ton  slab  on  a  lifting  tal>le  neeeasitalea  1I14 
waste  of  so  much  energy  in  raijcin^^  and  lowering  the  slab. 

Third,  a  reversing  mill  is  better  aiiapted  far  the  introduetiQi 
of  eitra  seta  of  finishing  rolls.  This  a^ids  to  the  life  irf  th^ 
roU««  and  gives  a  smoother  surfa^  to  the  plate. 

But  then  it  may  be  said,  "  1.00k  at  the  enormous  ontput  of  tin 
Ato«rican  thr**4^ht<ih  plate  mills,  some  of  which  have  made  ovel 
10,000  Uin«  of  finUhiHl  plates  in  a  siuiile  month."  To  that  I  wiH 
reply,  **  Keep  a  two-high  reversing  mill  as  full  of  material  as  tb«f 
do  in  Ibe  ^atas,  and  your  produet  will  be  no  leas ;  in  taol«  | 
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tght  to  be  greater/'  See  at  any  time  during  the  day  or  night 
a  tlinee-high  plate  njill  in  operation  at  the  Homestead  Works  of 
the  Carnegie  Steel  Company,  There,  as  regtikrlj  as  the  tick  of 
m  dock,  Uie  slahs  are  successively  placed  on  the  table  which 
csrries  them  to  the  rolls,  as  each  plate  is  going  tlirough  the 
bst  poas ;  in  fact,  the  slab  has  often  to  be  stopped  to  give 
for  the  rolls  to  be  raised  to  the  proper  place  to  suit  its 
Adopt  the  same  methods  at  some  of  the  modern 
niUls  in  Great  Britainj  and  mark  the  increase  in  the  ont- 
lu  rolling  a  plate  tliTee-eighths-inch  or  half-inch  thick 
from  a  well-heated  slab  on  a  three-high  mill  before  it  gets 
U)  the  last  pass  or  two,  it  is  generally  the  custom  to  wait  so  as 
to  finish  the  plate  at  the  required  heat  in  order  to  get  the  necea- 
mry  tensile  strength  and  a  smooth  surface.  You  will  observe 
€XftCtly  the  same  conditions  on  a  fii*st-class  two-high  reversing 
jnilL  If  this  is  so,  whence  comes  the  advantage  so  far  as  output 
ooDcerned  ?  On  a  three-high  mill  plates  must  be  finished  in 
flbape  as  to  suit  the  market.  Indeed,  I  honestly  believe 
if  some  energetic  American  manufacturer  ever  puts  in  a 
two^faigh  reversing  mill  with  two  stands  of  rolls,  he  will  outstrip 
tike  present  output  of  the  three-high  mill,  for,  while  the  plate  is 
dling  to  the  required  degree  on  the  table  of  the  finishing  set  of 
Mb,  he  will  *;ive  the  next  slab  two  or  three  or  more  passes  in  the 
k«eU  Moreover,  to  say  that  the  British  workman  cannot  be 
ive  and  energetic  as  the  American  workman  j  if  it  is  his 
imr^  k  entirely  wrong. 


Mrrrhant  Iron  Mills, 


efore    touching    directly    on    your    merchant    bar    practice, 
iron  and  steel,  I  will  give  you  my  opinion  as  to  the  prin- 
cipal cause  of  your  falling  behind.     It  is  simply  because,  up  to 
ihe  present  time,  you  hnve  had  no  competition.      Look  back  at 
record  for  the  past  ten  years  as  regards  the  manufacture  of 
on  and  steel.     True,  there  has  been  a  slight  and  steady  increase 
-in  fact,  you  have  not  fallen  behind  your  own  achievements, 
■t  liave  failed  only  to  keep  up  with  the  achievements  of  others, 
low  tiiaciy  new  iron  and  steel  plants  have  been  started  in  Great 
Jrit&tn  since  the  year  1890  ?     Few  of  importance,  if  any;     How 
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m%nf  milliatis  of  money  htve  you  spent  during  that  time 
improvements  ?  I  majr  be  wrong,  but  I  wiU  venture  U>  mi]c« 
the  aasertion  thiit  dtirin^  tliG  piut  ten  years  all  of  the  Brittili 
ifOQ  and  steel  uianuructurers  togethcrr  did  nut  i^i^eiid  at  mnell 
money  on  improvements  m  the  Carnegie  Steel  Company  did 
in  two  yeaif.  And  why  not  t  Is  your  ]n|,'eanity  and 
exhausted  7  You,  who  were  at  one  time  the  greatett 
facturers  of  iron  atid  steel  in  the  world  ?  I  cannot  believe  it,' 
It  has  been  simply  l»ecnuse  yon  were  not  com[»eIled  to  da 
so;  yon  could  do  well  enough  without  Who  gave  to  the 
world  the  Bessemer,  the  baste,  and  the  Siemens  proeesavsf' 
Great  Britain,  Who  showed  how  to  make  bar  iron, 
rods,  boopa,  &c.  7  The  Britiah,  Who  gave  us  the  conttnnotifl 
miin  Bedson,  an  Englishnmn.  Who  gave  ui  what  is  kriovn 
aa  Ihe  Garrett  lystem  of  making  wire  rods  7  Great  Britain  and 
Balginm«  Who  gave  us  the  best  ty(>e  of  heating^rurnsce  for 
heating  steel  bitlets,  which  is  now  almoet  universally  uied  in 
the  United  States  and  is  almoat  a  curiosity  in  Great  Britain  t 
Allen,  an  Englishman*  Who  gave  us  the  idea  of  a  succeasfol 
revelling  mill  f  Itamsbottom,  an  Englishman.  I  might  go  oo 
indefinitely.  Vet^  having  given  us  all  ibis,  we  Americans  have 
improved  on  th<;m  to  such  an  esctent  that  they  can  acareeiy  be 
recogniiedt  and  we  are  to-day  using  them  as  a  means  to  coraptlii 
with  you  in  the  markets  of  the  world.  Yelp  when  it  was 
psti'd  to  tht*  rnani^^ment  of  some  of  these  plants  tlrnt  by 
introduction  ai  some  American  methods  a  great  saving  in  mi 
oould  be  made^  the  reply  has  been^  '*  Why  should  1 7  I 
over  30  jier  cent,  on  my  capital  invested  last  year,  and 
satisfied  witli  that,"  And  at  that  Bame  time  they  were  mlliitg 
by  baad  thitre- quarter « inch  round  bars  in  about  iixlteii 
lengthSr  making  about  10  tons  per  turn,  had  one  engine— *w 
appeareil  to  have  been  designed  by  Watt  himself— driving 
or  five  antiquated  mills,  eight  or  ten  sheara,  and  I  ioS 
know  what  beside*.  Can  any  one  admit  there  is  oompeti 
tion  in  a  country  where  such  conditions  exist?  To  be  able  li 
pay  dividanda  in  this  enlightened  age  under  such  conditions  t* 
a  libel  on  prt»<;[rees«  science,  invention,  and  ingenuity^  and  is 
imposition  and  a  gfiavoas  and  unnecesiary  tax  on  the  oonaitiaer. 
1 1  may  say  here  that  all  of  your  iron  merchant  mtib  are 
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like  that,  but  this  is  no  fancy  dream  sketch,  and  not  the  only 
niiU  of  this  type  in  Great  Britain.  While  you  have  aomo  first- 
cl«&3  mills  for  inakinn^  iron,  the  main  fact  which  I  wish  to 
convey  at  the  present  time  ia^  that  having  rolling  mills  of  this 
^fpe^  which  can  pay  dividends,  means  that  you  have  haf|  little 
or  no  coii}|)etition«  One  of  the  hest  guide  mills  in  the  United 
States  for  rolliDg  iron  is  what  is  called  the  Williams  mill,  in 
«pefmtioti  at  Youngstown,  Ohio.  This  mill  consists  of  a  sixteeir 
ioebea  roaghing  train  and  a  five-stand  ten  inches  train,  and  in  it  is 
ndled  a  box  pile  five  inches  wide  and  six  inches  high,  containing 
mm  60  per  cent,  scrap  and  less  than  40  per  cent,  top,  bottom, 
mi  sides.  This  is  rolled  into  three-qnarter  inch  rounds  in  100 
f«t  leagths,  and  the  output  is  from  40  to  50  tons  per  turn. 
Is  I  understand  it,  you  have  very  few  mills  of  this  type  in 
Great  Britain — in  fact,  even  in  the  United  States  this  Belgmn 
tttU  is  not  so  popular  as  mi^ht  be  expected  from  its  merit 
being  able  to  take  a  large  pile  and  roll  it  on  a  slow  speed 
in  when  the  pile  is  short  and  "  dampy,"  and  of  finishing  it, 
tha  bar  is  long,  on  a  train  having  a  faster  speed. 

McrcJhani  Sled  Mills,  | 

As  far  as  I  can  see,  up  to  the  present  time  no  steps  have 
taken  in  Great  Britain  in  the  direction  of  building  mills 
ipeoally  adapted  for  rolling  merchant  steel,  In  the  United 
daring  the  pa^t  two  years,  great  attention  has  been  paid 
I  this.  First  of  all,  it  was  found  that  the  Allen  type  of  furnace 
Jd  be  used  for  heating  steel  billets,  whilst  it  was  eritirely 
QStsatted  for  the  purpose  of  heating  an  iron  pile.  The  adoption 
ol  this  type  of  furnace  haa  reduced  the  cost  of  heating  over  75 
ptr  cent,  io  labour  alone,  and  it  has  been  proved  that  the  economy 
in  fuel  is  equal  to  the  Siemens  heating  furnace »  An  Allen 
famiace  can  heat  135  tons  of  four-inch  billets  in  a  single  turn, 
tad  if  the  Langhlan  patented  arrangement  for  dropping  the 
tiilkta  out  of  the  furnace  on  to  the  conveyer  is  adopted  in  con- 
aaestion  with  it,  only  one  heater,  two  helpers,  and  a  man  to 
{Niih  tha  billets  into  the  furnace,  are  required  to  operate  two 
funiaces,  which  have  averaged  over  200  tons  per  turn  for  a 
whole  mofilh,  the  total  cost  per  ton  for  labour  being  about  6d. 
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As  this  is  tba  m&iimum  output  on  rod*milU,  it  is  but  fair  to  stAlJ 
tlmt  wbou  using  tbo  furuftce  for  merclmut  tiiitl  purposas,  H^bI 
the  output  is  kss,  this  cost  timy  Im  iiKreasml  to  9d,  per  vH 
Witbout   the   Laugblan   dmppiag-out  arraugeinecit   the   cost   m 
sbout  25  per  cent.  moTv.     When  wu  realise  that  ibis  type  ol 
fumaca  ia  uf   Kiiglij«h  uri^in,  and   that   any  Uiertt  may  b«  ta 
Eagland  are  looked  upon  as  a  curiosity,  this  is  sonielhing  to  bi 
groatly  wondored  at*     This  in  one  of  the  main  agents  in  com 
tioD  with  the  cheap  production  of  wire  rmia  and  merchant 
Nixl,  we  have  continuous  trains  to  do  away  with  the  hard  wofl 
of  lo«ghtng  down.     A  f^^ur^inch  billet  is  rolled  into,  say,  a  tbtv«p 
quarter-inch    round,  with    but    four    men    at    the  entire    tniUi 
doing   all   the   work   neoessaij   to  deliver  it   on    to   the   bo& 
bed.     This  includes  one  man  to  look  after  the  eontitiufms  traioy 
Merchant  mills  of  this  type^  starting  with  a  fonr-ineh  btUe| 
havis  produced  as  high  as  445  gross  tons  of  one  and  one-eightb 
in^  Sniabed  square  bars  in  twenty-fuur  hours,  and  have  pr» 
dnoed  over  800Q  tons  in  &  single  month*     The  sizes  rolled  m 
theae  mills  are  from  three- inch  to  one-inch  wide  fiau,  uny  thick 
ness,    and    from    one    and    three -quarter -inch    fj    a  half-io<A 
rounds  and   squares.      The   mills  of  course  are   best  adapts 
for   the    middle    range   of   sizes.       On    another   type   of 
for   making   merohant  steel    they   start   with   a   bjl]4;t  SO   h 
long  on  all  occasions,  and   vary  the  aiie  to  suit  that  of 
finished     bar.      This    billet    ranges    from    one-snd^a-hair*iocl 
to  three-inch  squarSt  and  in  some  msem  the  Ijers  are  dniah 
about    300     feet    long.      Too    much    credit    cannot    be 
stowed  upon  the  Morgan  Construction  Company  of  Wi 
Maas.,  for  the  fine  point  of  perfection  these   milts  have 
farotigbt  to.     Their  hot-l»ed  arrangement  is  a  work  of  marvel 
infetitlity — 105    tons  of    two-and*ahaif-inch  and    a    Itaif^ 
is  the  best  reconl  I  know  of,  but  this  mill  has  a  sttU 
capacity.     As  to  the  merits  and  demerits  of  starting 
billet,  say  under   four-inch   square*   I   would  say   that  aii 
apart  from  the  fact  that  the  capacity  of  tlie  mill  Is  controUeil 
the  capaeily  of  the  furnace,  aa  only  one  can  be  used,  a  faur*ii 
billet  is  sold  in  the  open  market  in  the  Umted  States  for 
per  ton  leai  than  the  smaller  sixe  billet,  and  the  total 
labour  to  roll  a  four-boh  billet  into  a  finiahed  bar  ia 
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|L  As  it  does  not  take  more  fuel  to  heat  the  same  than  is 
required  to  heat  a  smaller  billet,  it  seems  to  ma  tlmt  merdiatit 
Ued  rolled  from  a  four-iuch  billet  ia  delivered  on  the  hot-bed — 
10  tar  as  tomiage  labour  is  concerned — at  tlje  same  cost  as  the 
<me-«od-a^half-*iiich  or  smaller  billet  is  delivered  at  the  heating 
fomaca.  On  mills  of  this  type  a  merchant  bar  can  be  finished 
tnd  placed  on  railway  waggons  for  leas  than  14s.  per  ton  above 
tim  coat  of  the  billet*  This  includes  loss,  fuel  for  power  and 
limtitigf  and  the  cost  of  everything  required  to  produce  it.  When 
ihe  dme  comes  when  pig  iron  will  again  be  sold  for  37s.  6d. 
per  ion  in  the  United  States,  and  four4uch  billets  for  58s*j 
pving  with  14s.  per  ton  added  for  cost  of  conversion  to 
merchant  bars,  72fi.  per  ton  as  the  net  cost,  then  not  only 
Great  Britain,  but  also  Europe,  will  have  what  may  be  called 
fiompetitioti.  As  so  far  no  efibrt  has  been  made  in  Great 
Brilain  in  the  direction  of  putting  in  mills  specially  adapted 
roll  steel,  X  have  notliing  from  which  to  draw  a  comparison 
ept  the  mills  for  rolling  iron  bars,  on  whicli  steel  ia  also  rolled, 
I  will  say  here  that  it  is  impossible  to  devise  a  mill  having 
tlie  same  advantages  as  the  American  mill  I  have  described  to 
idU  both  iron  and  steel. 


Boop  Miih, 

If  1  were  to  be  asked  what  I  consider  the  finest  rolling-mill 
aaeblEiefy  in  the  world,  I  would  without  the  least  hesitation  say 
titeooQiiuQous  hoop  mill  at  Youngstown,  Ohio,  designed  and  built 
by  the  Morgan  Construction  Company,  of  Worcester,  Mass,  On 
this  mill  results  are  obtained  which  have  been  thouglit  impossible, 
tad  for  nicety  of  adjustment  and  precision  of  relative  speeds 
it  is,  in  my  opinion,  the  finest  display  of  ingenuity  in  this  line. 
mill  abo  has  derived  its  main   wonderful  features,  such 

flying-shears  and  coiliug-raachinef  from  a  Welsh  engineer, 
£4!  wards.  Fancy  a  one-and-a*half*incli  billet,  30  feet  long, 
tod  weighing  225  Iba,  entering  the  first  set  of  a  continuous 
tmiii  and  coming  out  of  the  last  set  seven-eighths  of  an  inch 
wide  by  No*  20  gauge.  After  the  hoop  comes  from  the  rolls  it 
ti  laid  by  a  folding  process  on  a  slow-moving  table,  and  the  only 
io  touch  the  hoop  with  a  pair  of  tongs  is  a  boy,  who  picks 
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ap  llie  first  eud  ftnd  enten  it  into  the  reel,  which  ooila  ibe  hoop 
up  m  neaUjr  mfl  a  ribbon.  The  hoop  i«  afUirwanlA  cut  autonii* 
iically  iuto  th«  required  lengths  for  oottop  ties.  The  outpul 
of  this  mill  is  about  45  gross  tons  of  seveu^eighthi  of  mm 
inch  No.  20  gaugo  )ioi)|i9,  in  a  siii^k  lum.  It  is  impoasibto 
to  describe  this  remarkable  roiIitij;;*mill  niacliina  However,* 
mainly  owiu^  to  the  impossibility  of  obtaining  a  UQifortn  mm 
throughout  the  entire  hoop  whrn  tinished,  thii  mill  hiu  not  m«l 
with  the  favour  one  would  expect.  For  cotton  tiea,  or  hoops^ 
which  do  not  require  to  be  of  an  exact  gau^e  throughout,  it  majr 
be  all  right.  Be  this  as  it  maj,  the  fact  is  tht;  Aiiitfrtcmi  Steel 
Hoop  Company,  or  their  pred6ees«or»«  have  built  two  hoop  mtlta 
since  this  continuous  hoop  mill  was  built,  and  neither  of  thein 
is  of  the  ooutinuous  type  throughout  The  most  {>opuIar  typtt 
of  hoop  uiilla  are  those  having  a  continuous  rou;,'hing-train  and 
looping  tiniahing-train  of  four  sets  of  rolls,  on  which  it  ts  a  ootn* 
mon  thin^  to  make  45  tons  in  a  sin^^le  turn  of  one*and*thre6«> 
i|aarterB-inch  and  one^and-a-half-inch  by  18  or  19  ^auga« 
about  30  tons  per  turn  of  seven-eighths  of  an  ineii  hy  20 
cotton  ties.  As  to  how  much  better  these  results  are  than 
obtained  in  Great  Britain^  I  will  leave  you  to  jtidge. 
what  I  understand  and  have  sr*en,  you  still  have  the  old 

kbciop  milU  of  ten  or  fifteen  years  ago,  and  where  your  practice  la 
most  lacking  is  in  the  nitfans  to  take  care  of  the  hoop  as  ti 
comes  from  the  laat  set  of  rolls.  It  is  no  tricky  on  a  first -claM 
boop  mill  in  the  United  States,  to  roll  one^and'a-half-inch  No.  19 
pn^*e  in  200  ft'Ct  lengths,  and  the  piece  will  run  out  the  enlirv 
length  without  being  touched.     Then,  again,  you  roll  iron  and 

tateel  hoopi  on  the  same  mill,  which  prevrnts  the  adoption  of 
certain  improvementip  in  particular  in  connection  with  the  heal- 
ing of  Uie  billets. 


Mitti/ar  Railing  Strtpi/or  Tubn  or  Ship, 


J 

ill^ 


In  regard  to  stripe,  the  finest  mill   there  is  in  the  U 

States  for  this  purpose  {a  a  three-high  untveraal  mill  bnill 

Ptha  Oarrison    Foundiy   Company   of    Pittaburg^   t*a.,    for  thm 

Liikens  8t«el  Compuy,  on  which  mill  they  roll  from  ten^tnoli 

to  thirty ^ix4aoh  in  width.     They  have  but  the  one  sel  of  rolls 
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Ihree-liigfa.  I  understand  this  mill  ia  giving  very  good  results, 
hat  the  matiufactuTe  of  this  class  of  material,  strange  to  say,  has 
not  lieeii  developed  to  any  exteut  even  in  the  United  States. 
One  reasoii  for  this  is^  that  it  is  but  lately  that  the  consumer  has 
become  reconciled  to  the  use  of  steel  pipe,  the  material  for  which 
ftlooe  will  permit  of  any  extensive  and  marked  improvement 
in  the  method  of  manufacture*  However,  with  what  there  is, 
Amencaji  practice  is  far  ahead  of  British.  On  an  ordinary  ten- 
iodi  train,  over  60  tons  of  four-and-a-quarter-iuGh  by  ten-inch 
imps  have  been  produced  in  a  single  turn,  and  between  60  and 
70  Urns  of  from  SLK-inch  to  ten-inch  strips  per  ton  is  a  common 
tUng  qh  a  sixteen-inch  mill  This  refers  to  steel  strips.  I  under- 
itaiid  thftt  in  Great  Britain  jou  pay  double  the  price  for  rolling 
strips  that  you  do  for  bar  iron,  whereas  in  the  United  States  less 
m  f^d  than  for  rolling  bar  iron*  Special  rates  are  allowed  the 
niaiilacturer  by  the  Amalgamated  Association  to  pay  men  roll- 
W§  itnpa,  Thii  is  no  doubt  owing  to  the  fact  that  at  one  time 
nothing  but  cut  nails  were  used  in  this  country,  of  which  over 
€,000,000  kegs  were  made  in  a  year,  calling  for  over  300,000 
Iqm  of  twelve-inch  to  fourteen-inch  strips.  This  made  the  roll- 
kg  of  strips  so  familiar  and  common,  and  competition  became  so 
kteii  between  the  cut  and  wire  nail,  that  reduction  after  reduc- 
tion took  place,  which  was  naturally  felt  by  the  strip  and  skelp 
Btkats;  and  most  of  these  nail  plate  mills,  as  they  were  called, 
in  rolling  strips  to-day.  As  the  methods  of  rolling  strips  are 
about  the  same  in  both  countries,  I  will  close  the  subject  by 
mmkiitg  the  prediction  that  within  tlie  next  five  years  more  im- 
provementd  will  he  maile  in  the  direction  of  improving  the  pre- 
Btut  method  of  making  strips  than  in  connection  with  any  other 
prooeia  in  the  steel  business,  as  the  demand  for  them  is  growing 
psiter  every  day,  and  a  production  of  from  230  to  300  tons  of 
iCripo  pet  ton,  varying  from  ten  to  twenty-two-inch  wide,  will  be 
ft  eotnmon  occurrence. 


W%r€  Rod  Mills. 

I  touch  npon  the  subject  of  wire  rod  mill  practice  last  of  all, 
be^ode  the  striking  developments  and  results  by  the  American 
tod  mills  speak  for  themselves,  therefore  I  will  not  take  up  your 
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time  with  this  at  presmit,  but  will  refer  you  to  an  artiid 
published  iii  the  Irm  Jfje  ot  February  22,  1901,  to  auothe 
article  on  the  history  of  the  four^inch  billet,  publithed  in  tb 
Ir&n  and  Coal  Trades  Btview  of  March  8,  1901,  and  to  tb 
address  of  Charles  H.  Mnrgmo  befort  the  1900  Meeting  ot  M 
Society  of  Mechanical  Koginetn,  which  give  the  Mor^n  Cm! 
struciion  Company  du«  credit^  iti  a  vc^ry  modest  way,  for  bU  the; 
have  done  to  improve  rolling-mil  I  prnctic*?,  I  will  mttrvsly  ad 
that  while  there  are  two  well-defirted  typea  of  wire  rod  mill  in  tii 
in  the  United  States^  viz.  the  straight  cnntiDuouii  and  the  improvci 
Belgtan  typs,  the  latter  being  commonly  called  the  '*  Garrett"  mill 
judging  the  popularity  of  both  theae  types  of  wire  rod  mUl  fitjn 
the  number  ot  each  iu  use,  the  coutiuuous  mill  would  be  e 
little  moment  were  it  not  for  the  milU  of  this  type  in  operatilM 
at  the  works  of  the  Wfuhhuni  &  Moen  Company  (imw  beloi^n 
to  the  American  Steel  and  Wire  Company)  at  Worcester,  1^| 
and  at  Waukegau,  Ula.,  which  of  late  have  been  perfected 
Mr.  F.  H.  Daniels,  chief  eogineer  of  the  American 
and  Wire  Company,  to  such  au  extent  as  to  become  quii 
a  formidable  rival  to  the  looping  type.  ImJeed,  it  is  onl; 
justice  to  say  thst  Mr.  Daniels  is  the  only  man  who  ever 
ftigned  and  conatructed  a  continuous  wire  rod  mill  Ibat 
iuoeaesrully  roll  more  than  one  rod  at  the  same  time,  and 

,  laat  illort — in  the  wire  rot!  mill  at  Wauke*^*an,  Ills. — ts  a  m^ 
piece  in  that  liue.  This  mill  Btartii  with  a  four-inch  bUlet, 
the  output  ia  nearly  equid  to  that  of  the  best  looping  intU^ 
about  350  tons  to  the  doable  tiim^  whereas  the  Morgan  eoQ< 
tinnous  mills,  starting  with  a  one*aud-three-quarter^inch  biUel 
produce  about  150  tons  per  double  turn. 

I  will  now  proceed  to  expfess  my  views  on  the  rod  mtlli  of 
Great  Britain.  I  understand  that  at  Middlesbrough  then  k  4 
straight^  continuous  rod  mill  which  has  been  in  operation  tid 

,  mmm  time,  but  for  some  reoaon  or  other,  reoentljt  anoibar  mid 
wii  pot  in,  but  it  was  of  the  Belgian  type.  Mc«sm  Ricbis4 
John&on  and  Nephew,  of  Mancheater»  have  a  rod  mill  partly  of  thf 
oontinoous  and  partly  of  the  looping  systems.  They,  threap 
Bedaon*  were  tbe  pioneem  of  the  continuous  mill,  but  havo  changi^ 
from  tbe  straight  continuous  mill  to  part  Belgian.     The  rotigbia| 

I  Inin  IS  oontinnouij  and  has  vertical  xolli  in  all  casas^  to  ndnei 
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fhc  oteIs  to  a  square.  Thia  is  the  finest  mill  of  its  kind  in  the 
vortd,  and  the  maDtier  in  which  the|e  vertical  rolls  are  driveti 
now  remarkable  engineering  skill.  But  why  Iiave  vertical 
lolbt  which  prevent  you  from  rolling  more  than  one  bar  at  a 
time,  when  the  "  twist"  gnide  will  do  the  work  just  aa  well,  and 
jm  coold  have  all  of  your  rolls  horizontal  ?  There  ia  a  four- 
Ugh  mill  at  Warrington  which  is  much  more  complicated  than  a 
find  Belgian  null.  On  this  mill  the  bar^  when  it  is  square  in 
ooes  sectiQO,  is  carried  hy  means  of  wlmt  might  ba  termed  a  split  ij 
pipe  rrom  the  top  two-high  set  to  the  bottom  two-high  set,  the 
hOitt  &et  bein^  speeded  up  in  proportion  to  the  reduction.  Aa 
tkis  18  accomplished  by  a  curved  gnide  on  all  Belgian  trains,  with 
•  Baviitg  of  labour  and  with  no  complication,  and  as  the  ontput  of 
of  the  Belgian  mills  in  Germany  is  not  reached,  the  advan- 
presented  by  this  mill  are  open  to  question.  Then  there  are 
of  the  very  oldest  types  of  rod  mills  in  Europe  ;  and  in  order 
to  show  how  far  yon  are  behind  in  output  at  least,  I  will  make 
the  assertion  tliat  the  four  best  rod  mills  in  Great  Britain ,  during 
tl)«  month  of  January,  did  not  produce  as  many  rods  aa  one  of 
die  wire  rod  mills  in  the  United  States,  which  during  that  month 
proditced  10^230  gross  toiis  of  No.  5  rods :  indeed  1  might  make 
it  five  of  your  best  mills  and  be  safe*  Here  we  Iiave  Jive  diffe- 
leat  concerns^ — five  mil  la,  five  crews  of  men,  five  rollers  (skilled 
iMo),  five  heaters  (skilled  men),  paying  the  roller?,  say  25s.  per 
daj  eacb»  or  £6,  Ss.^  and  the  heaters  15s*  per  day  each,  or  75s., 
mking  a  lotal  of  £10  for  each  turn's  work,  instead  of  one  roller 
£2^  lOs-,  and  one  heater  25a,,  or  £3,  153.,  or  over  75  per  cent. 
lees,  not  to  speak  of  the  balance  of  the  men ;  and  I  wish  it  to 
be  oiicJerstood  that,  in  my  opinion,  the  best  men  at  the  rod 
milifl  I  ever  saw  are  those  who  work  on  your  present  mills  in 
England,  so  it  is  not  the  fault  of  the  men.  The  question  might 
te  asked,  "If  each  of  those  five  rod-mill  owners  had  a  rod  mill 
that  capacity,  what  would  they  do  with  such  a  production  of 
?**  This  I  do  not  know;  but  if  the  present  method  of  making 
IB  persisted  in,  the  time  will  soon  come  when  you  will  not 
make  any  rods  at  all.  When  British  steel -makers  find  some  means 
of  anpplying  a  cheaper  two-inch  billet,  to  meet  the  price  of  which 
ibe  American  steel-makers  may  not  find  it  to  their  advantage,  then 
tbej  will  deliver  wire  rods  to  England  at  a  figure  less  than  you 
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are  now  paying  for  lw.>incli  billets.      Is  there   no  renaeir.: 
w:Il  Grt-at  Britain  i:ive  up  the  wire  business  ?   she  wLo  t^^ 
nio:faer  of  that  business,  and  Las  taught  the  world  how  to  3 
wire  ?     I   tliuk  not.  and  believe  there  is  a  remedr  which 
!•€■  eventually  adopted.     Supposing  the  five  largest  nsexsofv 
hAs  in  Great  Britain  were  to  combine  and  erect  a  large  fiis:-i 
roi  mi'.l,  keepini:  th*rir  business  just  as  it  is,  and  each  party  uc: 
siock  in  the  new  rr>d-inill  deal  in  proportion   to   the   amoun: 
rods  they  woulvi  use,  they  could  treat  this  new   enterpriser 
entirely  new  or;:aiiisation  from  lijeir  present  wire-drawing  v.:Z 
ai.d  choose  a  site  for  it  not  far  from  a  shipping   port  oa  eiJ 
the  east  or  west  coast.      Then  Itrt  us  see  huw  they  would  s*j. 
with   a   view   to   securing   their  raw  material    in    the  shape 
bil'iets.     So  far  as  thtrir  supply  from  Great  Britain   is  conorr 
conditions  wou'.d  be  the  sa:i:e  as  to-day,  but  ihey  could  not  c: 
get  their  bil.ets  from  tiie  Pittsburg  district,   as   they  are  io: 
at  the  present  time,  but  cculd  alsc»  draw  their  supply   from  ': 
Tennessee  Coal.  Iroi:.  and  Ka:lro.^d  Company,  of  Birmingham.  1- 
who  are  situate i  but  a  short  distance  fix^m  the  seaboard;  froia.: 
Maryland  Steel  C\'ii,pany,  of  Sparrows  Poiiit,  Maryland;  andf:: 
the  Do:irin:o:i  Iron  and  S:ee':  C\'mpa:;y.  wi^cise  plant  is  at  Svdc^ 
Xova  Scotia,  or  lOw  m;ivs  r.earrr  Liverr^oc*!  than  New  York. 
No  letter  source  f  ^  r  a  suiy'.y  of  billeis  could  be   had.     Wj 
keen  connvtition  oo:v.es.  tl\e  l»o:r.inioii  Iron  and  Steel  ConiT>i- 
wr.o  ca\\}  make  tt.o  choapis:  pi^:  iron  in  the  world,  will  alwavs- 
ab;e  to  ir.ako  st«e'.  li.'.vts  a:  a  ]:w  cosL     This  same  scheme c^ 
l>e  ap:  lied  to  a  i  w-.o  •...  w  v.  ake  i.vct^.  K>it5,  ic.,  or   those  w: 
make  tubos  oi  yyo.  ;u^'.  w.r.r*  soft  stee'.  ":  ilicts  to  make  their  str:: 
In  f.ict.  if  y.  ui  i.nv  n'.aior.;^!.  s.:c;.  as  ore  and   coal,  is  becoim 
scarce,  i^n-i  v.mi  c-.m  l-.iui  r,  V... ;:er  r.^arke:  for  your  coal,  sellii:!: 
for  St'  (\\n  r\irp.^-«*5  r:vA)or  thar.  to  :r.A:n::'actun?rs  of  pia  iron 
steel.  «h'^  ouiipl:  nnir-  m  ciMr.r*  t-t^on  niv.st  have  cheap  coal,  I  - 
see  no  VeitHt  c.-l^i^inv.      Why  ;:v.]vrt  crt\  which  has  over  50 : 
cer;t.  of  n-ele==  innti'^r  wl-.rn  y.-u  can  inv^x-rt  billets   on  wLi 
there  i?  but  fr-Mii   .">  i"  «»  i r-r  oov.t.  ^'.<^  from  the    billet  to: 
wire  ro.L  m^i'-hat^t.  •'?  =\**-l  Rtiip      T:\:s  ru:e  can  be  applied 
those  wli»^  M=»-   9^riy^    f-  r    \^\Vf-z.      hi*iee»:.  if   the    British  r 
and  steel  in«k"?«  •!"  »"'t   f.  ]'.  xr  ;]-.e  i-\rtivir<;e  of  their  Ameri: 
co'i^iip  *»n^l  c'Tt»b'!j".  MTi'i  tl,p?^  i',y,]\  maur.faotuie  their  respect: 
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material  at  the  most  advantageous  points  for  shipment,  and  use 
the  most  economical  method  in  manufacturing,  the  manufacture  of 
iron  and  steel  will  in  time  become  a  lost  art  in  Great  Britain. 
Should  that  day  ever  come,  then  the  fulfilment  will  become 
possible  of  the  prophecy  made  by  Lord  Macaulay,  when  he  said, 
"  Some  traveller  from  New  Zealand  shall,  in  the  midst  of  a  vast 
solitade,  take  his  stand  on  a  broken  arch  of  London  Bridge  to 
sketch  the  rains  of  St.  Paul's." 


AMKRICAH  iSn  BEITISH  HOLUKG-MtU  fBACTfCK 


DisaussioK 


Mr.  W.  R  Blickly,  Hon,  Treasurer,  said  it  wii  teldcNft' 
that  they  had  an  orator  »uch  as  the  autlior  of  tli9  paper  to 
aildreiM  any  of  their  lueetin^a.  In  introducing  his  subject^  H?, 
Oarrett  Imd  fint  made  the  itii[M)rUnt  antl  bold  asiartioii  tiiat  tbt 

I  aapremacy  which  Qreat  Britain  had  so  long  held  in  the  iron  and 
•tetl  trade  wat  lott,  and  this  he  stippleoiented  hy  statiitg  thai 
''Iherv  Wii  tomething  wrong  with  the  ilritish  method  of  making 
fiMsemer  iteel  ingot  and  roll  in  ;:^  it  into  billtita,"     They  oo^^ 

I  ifteh  form  tlieir  own  opinion  as  to  wlit^ther  thither  one  or  bo(]|^| 
thefie  st&temeuta  wer^  in  accor^iance  with  the  factA.  It  wu 
Irnt  that  subaefjueutly  some  |)olite  things  wi^ro  said  about  tho 
Britiflher  of  the  past,  but  mithing  of  the  kind  with  regard  to  the 
prewnt.  The  atathor  then  indulged  in  a  long  pane^ric  on  tha 
4^inch  billet,  and  iufonned  them  that  no  country  was  tnc»n;  pre* 
jndiced  against  it  than  (ireat  Britain.  That  waa  really  too 
araoiuig*  Wa  in  thia  country  were  always  glad  to  uia  a  4*inGh 
billet  when  it  was  suitable  and  economical ;  but  it  was  n« 
to  say  that  we  should  not  try  it  for  rolling  into  4|  aqnare 
or  iV  half  ovalsw  Theaa  were,  of  conrsei  extreme  illustral 
but  numbeif  of  others  would  oeenr  to  his  bearers.  Mr. 
advice  to  avoid  roll  changing  waa  rather  belated;  thta 
thing  which  British  ironmasters  bad  betn  striving  to  do  for  the 
last  forty  yisars,  to  liis  knowledge.  Then  tlie  question  was 
why  the  Americana  shipped  so  many  thousands  of  toni  of 
to  foreig^n  markets  which  were  once  ours,  and  nndtrbtd  us  to  gH 
orders.  Ue  would  answer  that  later  on.  Our  critic  then  aakeil,^ 
**  What  about  tin-plate  bars  t "  and  *'  What  did  the  Americana  do 
with  tlmt  demand  1 "  He  promptly  answered  himself  by  aa; 
that  the  best  machinea  in  the  United  States  were  pnahtng 
tin-plate  bars  in  thottsands  of  tons  right  into  our  tin-plala  disi 
adding  that  no  efTort  was  \mng  made  to  prevent  oomiiatitnAl 
sbipping  tin-plate  bars  into  thra  country  from  a  distance  of  3500 
mileSt  He  then  tnainnated  that  it  was  not  an  untisual  thing  iaj 
Uiia  country  to  iaa  ]  round  bars  rolled  by  band  in  l&-feel 
lengths.     Raally  this  was  grossly  ttnfair.    Mr,  Garrett  must  havi 
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pieii  vifiiting  a  museum-  They  had  rolled  J  round  bara  at  War- 
iiiigtoii  every  week  for  forty  years  or  more,  and  never  rolled  a 
single  bar  except  by  guide.  It  seemed  useless,  however,  to  pursue 
cJeUuIs  further,  Mr-  Garrett  had  been  good  enough  to  explain  a 
great  deal  of  American  machinery  and  to  impress  upon  them 
bow  mtieb  superior  it  was  to  our  own,  Witli  regard  to  some 
HMchiiieTy  he  was  not  goitig  to  dispute  this;  but  they  were, 
wev#r,  quite  as  anxious  to  learn  as  Mr.  Garrett  was  to 
h  them,  Mr,  Garrett  had  passed  in  review  almost  every 
Inil  of  machinery  used  in  the  manufacture  of  iron  and  steel 
in  the  United  Slates,  aud  they  agreed  with  him  that  this 
mscliiQeiy  was  very  important  and  effective;  but  he  had 
itiidioualy  avoided  referring  to  a  certain  class  of  machinery 
which  in  America  was  much  more  important  and  necessary  to 
ihe  success  of  the  American  iron  and  steel  trade,  and  that  was 
the  machinery  of  tlje  tariffs  Mr.  Garrett  told  them  how  to  make 
dmp  hoops,  certainly  not  of  uniform  thickness  throughout;  but 
this  seemed  of  little  consequence  in  America,  though  very  im- 
^Dortaut  in  England*  What  would  Mr,  Garrett  say  wiien  he 
^■Mr.  Bleckly)  told  him  that,  in  spite  of  our  being,  in  his  opinion, 
^Bo  much  behind  Americn,  there  was  to-day  an  order  being  executed 
Bb  this  country  for  1000  tons  of  cotton  ties,  which  were  absolutely 
being  delivered  at  the  other  aide  of  the  Atlantic  by  the  so-called 
ftBpid  and  ouUof*i3ate  Kuglishmen^  although  the  duty  on  that 
mrtible  in  America  exceeded  £2  per  ton  ?  From  that  fact  they  were 
boond  to  argue  either  that  the  Americans  could  not  make  their 
hoopa  as  cheaply  as  we  could,  or  that  the  American  maker's  profits 
at  least  £2  per  ton ;  or,  to  use  Mr*  Garrett's  own  words, 
they  were  imposing  a  grievous  and  unnecessary  tax  upon  the 
iinumetB,**  those  consumers  being  their  own  countrymen »  He 
lew  that  controversies  of  this  kind  were  not  customary  in  that 
rootn,  bat  Mr  Garrett  had  been  allowed  to  attack  the  British 
ters  in  such  a  violent  fashion,  that  in  fairness  he  was 
led  to  speak  in  their  defence.  Did  it  come  well  from  Mr, 
It  to  accuae  British  ironmasters  of  putting  a  tax  on  con- 
ers  when  they  were  ready  and  willing  to  sell  hoops  at  £2 
Ion  iess  in  America  than  consumers  in  that  country  were 
miielled  to  pay  the  American  manufacturer  ?  Mr.  Garrett 
tided  his  paper  by  recommending  them  to  sell  their  coal  for 
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steam  purpoi^i  and  give  up  the  manuffteture  of  pig  iron  mn 
iteeL  He  mns  absohuety  amazed  that  atij  member  of  tliat! 
Institute  ihouK)  stand  up  in  that  room  with  sneh  words  in  b 
mouib*  He  might  tell  Mr*  Garrett  that  he  had  houf^ht  Lincoln 
ihire  pig  iron  at  le»6  than  30a.  at  thn  furnaces,  and  that  he 
told  by  the  makers  of  that  pig  iron  that  they  did  not  las«  tmmmf 
at  the  prioe.  If  necessary,  the  enme  thing,  and  insrhaps  Wttrr^ 
could  be  done  again.  In  conclusion,  he  might  remind  Mr» 
Garrett  that  the  American  tariff  machine  was  constructed  on  Uit 
**  continuous  principle/'  He  recommended  him  lo  bestow  mmd 
of  bii  advice  at  home,  and  to  iuggest  to  the  engineer 
machine  the  propriety  of  intitKlucing  reversing  gi 


lo  bestow  mmm 
engineer  of  ihafl 
ear.  J 

1  been  for  thirtTl 

and   dcatgn   of 

jch  he  ventiirt4 


Mr.  Edwih  Ton  Kg  said  that  althougli  he  bad 
years   practically   enga<^ed   in    tho    manufacture   and   dcatgn   of 
mlling  plant,  that  was  the  Cirht  occaaion  on  which  he  ventiirt4 
to  address  that  disttngnjahed  Assodation.     He  would  like  to  aaf] 
that,  as  Mr.  Carnegie  had  given  a  new  commandment  a  Itttliii 
earlier  that  morninj,%  so  Mr.  Garrett  bad  now  given  another  new' 
oommandment  with  regard  to  the  4-inch  billet,  and  he  would 
say  a  few  wonii  on  that  subjects     Mr.  Garrett  seemed  to  thinly 
tbat  the  4-inch  bilkt  was  the  great  want  in  this  and  other  oiuntrie^ 
and  just  tbe  thing  they  ought  to  go  in  for  in  order  presumabl}|| 
lo  givt  the  Americans  a  «titl  better  chance.     He  gatheivd  fix» 
Mr.  Garrett's  paper  that  some  of  his  main  points  (but  alt  bearinfl 
on  one  another)  were  tbe  following  r-^^Firal,  that  it  was  of  giea^ 
importance  in   all  large  steel   plants  to  be  able  to  keep  iIm 
oogging-roUs  fuUy  employed  on  saleable  billets  during  the  tim 
that  the  finishing- rolls  were  stopped  for  changing,     BeomMf, 
in  the  majority  of  American  modem  two«higli  ci^giiig-^eiilla  il 
was  not  convenient  to  make  billets  direct  from  the  ingot  in  lh4 
one  pair  of  co^^ing-rolls  of  a  less  mm  than  about  4  incbea  sqnai^ 
for  which  reason  it  would  be  a  good  thing  for  them  if  all  tBi9^ 
cliant^bar  and  guide  nulls  would,  or  could,  agree  to  work  up  solelj 
billeU  of  that  standard  size.     Thirdly,  Mr.  Garrett  bimaelt  staM 
in  his  |iaper  that  his  own  ccjuntrymen  in  their  meal  anooeeaM 
'  nercbant^mills  did  not  find  it  expedient  to  adhtm  to  one  InJ 
siae  of  bilteti  and  ii  was  equally  known  to  evert  practical  imll 
in  this  country,  that  in  ordiir  to  deal  wiUi  the  innutnet 
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pble  Tariety  of  sections  and  bars  turned  out  in  the  British  mill?, 
piUetB  of  various  sizes  and  weights  were  indispensable-  From 
■be  above  premises  it  was  important  tliat  cogging-mills  in  their 
ppire  time  should  be  capable  of  turning  out  billets  of  various 
lad  Emaller  sizes  than  the  minimum  4  inches  square,  at  present 
obtaiiied  from  the  main  pair  of  cogging-ioUsj  and  without  appre- 
ciably atidiiLg  to  the  cost  of  working,  tlie  number  of  men  engaged, 
or,  of  course,  interfering  with  the  changmg  of  the  rolls  in  the 
toisbing  portion  of  the  milL 

It  appeared  that  Mr.  Garrett  was  under  the  impression  that 
Bfidah  steel  manufacturers  had  hitlierto  overlooked  those  im- 
poftant  points;  but  he  could  assure  him,  from  a  long  practical 
toquaintance  with  most  of  the  leading  steel^makers  of  this 
cotuitTy,  that  it  was  a  subject  to  which  they  had  given  much 
eoltslderation.     The  owners  of  single  2-high  cogging- mills  both  in 

Ilhia  ODtintry  and  America  naturally  found  it  an  awkward  matter 
m  tdier  tbeir  existing  arrangements,  but  where  it  was  posstble, 
ne  best  plan  to  meet  the  requirements  of  the  trade  seemed 
■I  he  ttiat  which  was  already  being  adopted  by  one  or  two 
lesding  tirins  in  this  country.     The  plan  was  substantially  as 
iollows :  The  cogging  and  finishing  mills  should  be  in  one  line 
iulead  of  apart  or  tandem-fasliioti  \  four  pairs  of  rolls  should 
be  eombined,  instead  of  only  three,  as  in  existing  plants.    Those 
lorn  pairs  of  rolls  should  be  arranged  generally  in  the  following 
cifd€r  : — First,  the  usual  pair  of  cogging^rolls  with  the  top  roll 
arranged  to  rise  and  fall  as  required  to  suit  ingots  of  the  larger 
or  smaller  sizes,  and  drafted  to  reduce  theni  to  blooms  of  a  con- 
vcBieDt  size  for  the  main  cogging-rolls.     These  rolls  should  form 
boles  to  suit  girders  and  other  large  sections  which  have  to  be 
daalt   with    in   the    finishing  rolls,     A    strong   bloom  shearing 
nuiefaine  should  be  fixed  in  the  usual  way  in  conjunction  with 
Kbt»e  eo^ging-rolls   to  crop  the  bloom  ends,  or  to  divide  the 
UcMMDS  if  necessary,  before  passing  on  to  tlm  succeeding  rolb. 
aeootid  pair  of  rolls  should  have  grooves  suitable   for  pro- 
eing  all  sizes  of  marketable  billets,  varying^  say,  from  5^  inches 
n  lo  2  inches  square,  and  also  flattened  billets  of  various 
tba*     lo  this  pair  of  billet  rolls  the  top  roll  is  not  required 
Kft  tip  and  down  as  in  the  former  case,  but  should  be  fixed 
with  the  grooves  true  to  those  of  the  bottom  roll,  thereby  pre- 
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venting  the  twisting  of  the  billets  which  occurs  ia  attemptiid 
to  roll  those  of  smaller  sizes  in  cogging-mills  properj  where  th5 
top  roll  has  to  be  set  loosely  for  moving  np  and  down.  The 
houaings  of  these  billet  rolls,  however,  should  be  furnished  with 
underneath  balance  gear  and  top  electrical  or  steam  screwing 
gear,  so  as  to  be  ready  at  any  time  to  deal  with  the  roughing 
down  of  extra  large  joists  and  other  sections  requiring  more 
than  one  pair  of  roughing  rolls.  The  third  pair  would  be  the 
usual  roughing  rolls  for  large  sections,  with  balance  gear  and  top 
screwing  gear.  Fourthly,  there  come  the  usual  pair  of  finish 
rolls*  The  reversing  engines  for  driving  the  above-mentioni 
four  pairs  of  rolls  should  ba  two  in  number,  one  pair  working 
the  cogging  end  of  the  train  and  the  other  at  the  finishing  end. 
The  axes  of  all  the  bottom  rolls  and  pinions  should  he  in  line 
with  each  other  so  that  in  case  of  emergeticy  the  whole  four 
pairs  of  rolls,  or  any  less  number  could  be  driven  liy  either  pai 
of  engines.  It  is  an  advantage  to  have  the  cogging-engini 
funiislied  with  differential  speed  gearing,  so  that  after  the  bloomi 
have  passed  from  the  cogging  to  the  billeting  rolls,  the  working 
speed  may  be  greatly  accelerated  to  accommodate  the  lighter 
work  and  longer  billets,  without  the  necessity  of  increasing  the 
number  of  strokes  per  minute  of  the  engines.  Several  leading 
firms  in  this  country  have  cogging-engines  provided  with  this 
differential  speed  gearings  which  is  very  simple  and  eSective, 
being  actuated  with  the  utmost  ease  and  expedition  by  means  of 
a  small  liydTaulic  cylinder.  The  pair  of  engines  at  the  finishing 
end  of  the  train  would  of  course  be  direct  acting,  without  tb 
intervention  of  any  gearing. 

Duplex  skidding  gear  should  ho  provided  on  the  front  an^ 
rear  sides  of  tlie  train,  so  that  the  work  at  the 'cogging  and 
finishing  rolls  can  be  going  on  at  the  same  time  without  inter4 
mission.  It  would  be  seen  tliat  by  having  the  cogging,  the 
billet,  and  the  roughing  and  finishing  rolls  all  in  one  line  instead 
of  some  distance  apart,  the  workmen  were  all  conveniently  near 
together  and  could  assist  each  other*  The  mill,  as  described 
above,  was  of  course  intended  for  producing  bars  and  sections  of 
all  the  various  kinds  called  for  in  the  British  markets.  A  mill 
for  dealing  exclusively  with  one  particular  type  of  section  such 
as  rails,  or  otherwise,  would    of  course  be  specially   designed, 
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peihaps  somewhat  more  ia  aceDrdauce  with  Ainericaa  practice^ 

r^  suit  the  circumstaucea, 
Sir  LowTHiAff  Bkll,  Bart.,  Paat-President,  said  that  there 
©re  two  or  three  questions  connected  with  the  subject  under 
uiscussion  in  which  he  and  every  one  else  had  been  very  much 
interested.  He  would  say,  firstly,  in  answer  to  the  accusation 
which  he  did  not  assert  was  made  use  of  unfairly  by  the 
author,  whose  paper  was  a  most  excellent  one — with  regard  to 
the  indifference  of  manufacturers  in  this  country  to  wliat  waa 
done  in  America.  He  slionld  have  tbought  the  fact  that  the 
Institute  visited  America  in  1890  to  see  what  had  been  done 
might  be  accepted  as  a  primd  facie  proof  that  English  manu- 
facturers were  not  indiiferent  to  what  had  been  done  there. 
Now,  of  course,  they  were  in  a  totally  dilTerent  position  to  that 
of  the  American  ironmaster  who  was  about  to  erect  an  entirely 
ew  works.  He  might  choose  to  go  to  the  expense  of  £25,000, 
say,  in  order  to  make  steel  or  iron,  as  the  case  might  be,  as 
cheaply  as  it  could  be  made,  so  far  as  mechanical  means  were 
concerned  But  tl)e  English  ironmaster  stood  in  a  somewhat 
different  position,  inasmuch  as  if  he  spent  £2-5,000  in  order  to 
effect  that  saving,  he  would  have  to  sacrifice  the  £25,000  he  had 
already  laid  out.  Therefore,  the  Americain  n)anufacturer  had 
the  advantage  tliere.  With  regard  to  the  accusation  of  indif* 
ference  on  the  part  of  the  English  manufacturers^  he  could  only 
state^ — what  was  well  known  to  the  President  as  well  as  to  him- 
self— that  nothing  had  stood  in  the  way  of  those  in  the  Cleveland 
district  in  regard  to  reducing  the  cost  of  manufacturing  pig  iron, 
at  all  events,  for  the  last  thirty  years.  All  the  old  furnaces,  all 
the  old  heating  apparatus,  and  so  forth,  had  to  be  done  away 
with,  and  other  furnaces  and  heating  stoves  provided ;  and  they 
had  done  that,  feeling  that  tliey  were  acting  in  the  beat  interests 
of  their  position  by  adopting  the  best  means  then  known  of 
conducting  the  work*  In  America  the  manufacturers  continued 
improviDg  their  appliances.  Among  other  things,  electric  power 
was  largely  introduced  with  great  advantage.  He  had  been 
struck  with  the  novelty  and  the  perfection  of  the  means  em- 
ploy ed,  and  had  invited  one  of  the  most  distinguished  rolling- 
mill  works  and  blast-furnace  engineers  that  he  knew  of  over 
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from  the  United  States  to  the  Clarence  Works.  That  engineer' 
hatl  spenti  be  was  about  to  say  days,  but  thought  weeks  wa& 
nearer  the  truth  ^  at  the  Ciareuce  Works,  and  at  the  end  of  hi^ 
inspection  had  given  it  as  his  opinion  that,  having  regard  td 
what  had  been  already  expended  there,  he  could  not  reeouitneud 
them  to  follow  the  American  example.  He  bad  tlie  iiiost  pro- 
found admiration  for  what  their  friends  on  the  other  side  ol 
the  Atlantic  had  done,  and  at  the  Clarence  Works  they  had 
done  their  best  to  keep  themselves  np  to  tlie  American  standard  ; 
but  the  cases  were  so  different  tltat  he  had  been  unable  to  go 
to  the  length  of  making  all  the  changes  recomni ended  by  Mr, 
Garrett  in  his  paper.  He  did  not  know  that  anything  more 
occurred  to  liim  in  answer  to  Mr.  Garrett,  or  in  relation  to  what 
had  been  advanced  in  defence  of  English  practice*  As  to  the 
paper  itself,  he  had  listened  to  it  with  feelings  of  very  greal; 
interest  indeed.  It  must  be  remembered  that  the  amouut — - 
aomething  like  five  shillings  per  ton — -which  might  possibly  be 
saved  by  following  the  example  of  the  Americaus,  was  mord 
tliaii  counteracted  by  the  cost  of  transporting  steel  or  iron  m 
any  form  from  the  United  States  to  this  country*  He  scarcely 
saw  his  way  as  yet  to  make  the  radical  changes  proposedj  biit^ 
©very  means  wbieh  could  he  learned  from  their  own  experience,H 
or  from  that  of  manufacturers  in  other  couwtriesj  would  he 
utilised  in  the  construction  of  all  new  works  undertaken.  ^^ 

m 

Mr.  WA[;rER  Dixon  said  that  as  one  who  had  had  the 
pleasure  of  inspecting  many  of  the  American  wurks  three  years 
ago,  and  who  understood  a  little  of  the  spirit  of  Mr.  Garrett s 
paper,  he  shouhi  like  to  say  a  word  or  two.  He  felt  tiiere^ 
would  be  no  lack  of  discussion  of  the  technical  details  of  tha^ 
alleged  difftdrences  in  steelworks  practice  between  America  and 
our  own  country,  and  with  that  fact  he  was  not  able  to  deal. 
He  thought,  however,  that  they  would  lose  one  of  the  most  im- 
portant lessons  to  be  drawn  from  Mr,  Garrett*s  paper  if  they 
failed  to  note  the  bare  and  astounding  fact  that  it  was  even 
possible  that  such  a  paper  could  have  been  written*  References 
were  often  made  to  the  practice  which  was  current  in  America 
when  the  Institution  last  visited  the  States,  but  he  ventured  to 
think  that  no  one  who  had  not  been  there  during  the  last  few 
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years  could  possibly  realise  the  immense  strides  and  improve- 
ments which  had  recently  taken  place.  It  was  ati  old  saying 
that  '*  we  are  the  heirs  of  all  the  ages/*  and  the  Americans,  by 
taking  advantage  of  this,  had  in  a  wonderfully  short  time  raised 
up  a  jbr  mid  able  rival  to  an  industry  which  had  its  liome  in  our 
own  country.  Nobody  was  more  ready  tiian  the  Americans  to 
ackoowledge — ^arid  to  acknowleilge  gratefully — the  benefits  and 
help  they  had  received  from  our  own  country,  and  inasmuch  as 
tliey  were  not  hampered  as  we  were  by  vested  iutereata,  they 
had  been  able  with  their  n«w  and  rising  imluatriBS  to  avail 
themselves  of  every  item  of  modern  practice*  Sir  Lowtbian 
Bell  had  J  in  mentioning  this,  struck  one  of  the  main  points  of 
diSerence  between  the  past  and  future  possibilities  of  America 
and  our  own  country.  With  existing  works  it  must  always 
be  a  question  J  in  considering  improvements,  how  far  one  could 
afford  to  disband  working  plant  whicfi,  widle  not  being  of  the 
newest  type,  could  scarcely  be  considered  obsolete  and  useless. 
At  the  same  time  there  were  instances,  and  amongst  these 
was  that  of  Vanclergrift,  which  Mr.  Garrett  had  mentioned  in 
his  paper,  where  Americans  seemed  to  face  matters  somewhat 
differently  to  ourselves.  He  (Mr.  Dixon)  had  the  pleasure  of 
going  over  the  works  there  and  had  seen  the  old  works  ex- 
changed for  new  ones.  He  had  beeii  told  thera  by  a  gentleman 
well  known  to  many  members  how  only  a  very  few  years  before 
they  had  been  able  to  make  money  as  well  as  tin-plates  in  their 
old  works,  but  that  the  money- making  days  there  were  past, 
and  hence  they  also  had  gone  past  their  old  works  and  had  put 
up  new  ones.  He  had  saiil^  "  Tiiere  are  the  old  works,  they 
B  represent  $600,000,  and  if  the  concern  is  of  any  use  to  you,  you 
can  have  it.  It  is  of  no  use  to  us."  Tlie  puzzle  to  every 
Britisher  had  been  and  was,  how  the  Americaus  made  money 
in  the  steel  industries*  So  far  aa  his  Mends  in  Scotland  were 
concerned,  he  believed  the  general  impression — until  a  recent 
date — had  been,  that  money  was  not  made  in  the  actual 
manufacture  but  by  their  combinations.      A  recent  law  case, 

•however,  had  dispelled  tliat  idea.  Another  point  to  contend 
with  was,  that  Britishers,  belonging  to  an  old  and  wealthy 
nation,  had  perforce  become  conservative.  In  America  things 
were  different.     Theirs  was  a  new  country,  and  they  were  not 
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conservative.  Further  than  this,  the  older  we  got  the  mcKt 
conservative  we  became,  and  while  both  in  this  country  and  ia 
America  there  were  brilliant  examples  of  men  past  their  prime 
of  life  who  were  active  and  ever  on  the  alertj  stUf,  they  were  the 
exceptions  and  not  the  rule,  and  so  long  as  elderly  ami  old  mm 
were  retained  at  the  head  of  our  concerns,  it  was  doubtful  how 
far  we  could  maintain  our  position,  with  other  disadvantages 
round  us,  in  the  face  of  the  Americans,  who  put  their  young 
men  into  trusted  positions,  not  only  to  dictate,  but  to  carry  out 
their  policy.  He  had  made  a  statement  in  a  paper  which  he 
had  read  before  the  West  of  Scotland  Iron  and  Steel  Institute 
three  years  ago,  that  the  general  impression  obtained  from 
visiting  the  works  in  America  was,  that  men  under  thirty-five 
years  of  age  largely  controlled  and  moulded  the  policy  of  the 
industries  and  trades*  Undoubtedly  this  %Tas  so,  and  its  effects 
bad  been  felt  in  the  past,  and  he  believed  would  be  felt  more 
in  the  future  in  a  thousand  and  one  ways. 

Before  going  to  America  he  had  seen  plant  erected  in  this 
country  on  lines  which  were  represented  as  modern  Anierican 
practice.  He  was  somewhat  surprised  to  find  no  such  plant  at 
work  in  America,  and  learnt  from  inquiries  that  it  was  already 
considered  obsolete  and  had  been  replaced.  This  indicated  tbabfl 
the  same  time  had  been  occupied  here  in  considering  and  erecting 
auch  a  plant  as  had  sufficed  in  the  country  of  our  rivals  to 
condemn  it  and  to  erect  improved  plant.  This  he  thought 
was  evidence  that  they  must  not  be  content  to  view  this 
matter  and  deal  with  it  at  the  ordinary  "jog  trot"  pace, 
but  must  be  aa  active  and  as  alert  as  our  opponents,  We 
had  notliing  to  be  ashamed  of  in  the  past,  nor  should  we  have 
in  the  future,  as  soon  as  we  actually  realised  what  conditiona^ 
we  bad  to  face.  H 

Much,  however,  of  an  unpleasant  nature  may  arisen  depending 
on  the  time  it  took  ua  to  realise  and  to  act  upon  the  new 
conditions  which  this  formidable  competitive  rival  was  forcing 
upon  us.  Besides  the  points  mentioned,  there  were  other 
diflficulties  which  we  had  to  face,  amongst  which  perhaps  the 
labour  question  was  one  of  the  most  formidable  ^  also  that  of 
our  local  resources,  but  with  these  lie  would  not  deal*  It  was 
however  clear  to  the  most  casual  observer  that  the  "morale"  o£^ 
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the  American  workman  seemed  to  be  entirely  differeut  to  our 
own.     A§  to  the  reasons  of  this,  there  may  he  a  diversity  of 
^opinion,  but  as  to  the  fact  there  could  be  dodc. 


Mr.  J»  M«  While  said  that  Mr.  Dijcoo  had  iutimated  tliat 
Engliah  manufacturers  were  lacking  in  enterprise  and  energy, 
but  lie  was  sure  that  neither  he  nor  the  members  generaUy 
could  endorse  that  criticism  either  with  regard  to  men  or 
managers.  He  had  read  Mr  Garrett's  paper,  and  would 
probably  have  done  better  if  he  had  made  a  note  of  the  heads 
of  his  remarks,  but  would  endeavour  to  make  his  points  clear 
Mr.  Garrett  had  spoken  favourably  of  the  various  mills  of 
America.  Tbey  quite  admitted  that  they  were  excellent 
Every  engineer  or  mill  manager  who  had  been  to  America 
knew  they  were  excellent,  that  they  had  excellent  machinery 
tbrou*?bout|  and  that  the  Americans  did  tiie  very  best  that 
could  he  done  with  the  resources  at  their  disposal*  He  must 
take  exception,  however,  to  several  things  which  Mr,  Garrett 
had  stated.  In  speaking  of  bloomtng-tnills,  the  author  stated 
that  they  had  the  same  mills  as  English  manufacturers,  and 
'^that  they  had  simply  copied  what  we  had  done  and  improved 
upon  it  He  had  had  the  pleasure  of  visiting  America  five 
years  ago,  and  seeing  practically  all  the  blooming-mills,  and 
was  bound  to  say  that  he  did  not  see  any  better  mil  Is  there 
than  were  to  be   found  in  several   places  in    England  to-day. 

Ifco^ging-milU  in  some  cases  were  driven  direct ;  in  other  cases 
they  were  geared ;  but  he  did  not  see  a  cog^iug-mill  at  that 
time  which  was  making  4-iDch  billets.      Mr*  Garrett  proceeded 
to  say  that  the  cogging  or  blooming  mills  made  4-inch  billets^ 
and    that    it    would    have    been   better    if    Great    Britain    had 
adopted   that   as  the   standard  size-      Farther  on  the    author 
stated  that  our  not  making  4-inch  billets  in  our  bloom ing-milta 
^caused    a    considerable    leakage.       He    thought    the    Dowlais 
"Company   at  their  cogging-mills  made  4-inch  billets   fourteen 
years   ago.     The    first   thing  he  had  done  when  he   went  to 
Barrow  ten   years  ago   was  to  ask  his  directors  to  put  down 
the  plant  for  4-inch   billets,  and   it  was   put  down  then,  and 
^fcn  no  occasion  did  they  allow   the   Bessemer   bloom  Ing^mills 
to    stop    while    the    changing    of    finishing    rolls    took    place. 
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Fartlmr  on  the  author  stutad  that  it  was  aa  acknowledge^ 
fact  in  America  that  stoppages  from  breakages,  from  somo^ 
unseen  cauae,  were  considered  a  misfortune  by  the  manage- 
ment. He  thought  tliere  were  no  works  where  a  stoppage 
of  any  kind  was  not  considered  a  great  misfortuna  Furthe 
if  oue  went  to  the  managers  office,  Mr.  Garrett  said  thi 
one  would  see  a  report  stating  what  had  been  done  in 
different  departments  at  different  periods  of  the  day,  showii 
that  the  managers  took  socne  interest  in  the  works.  It 
now  some  twenty-two  years  since  he  was  at  Dowlais,  but 
knew  that  it  was  the  custom  of  the  managers  there  to  receiv? 
the  reports  of  the  work  of  every  mill  every  two  hours.  He 
had  instituted  that  in  his  own  firm,  and  thought  that  every 
manager  of  any  importance  in  this  country  was  doing  so*  He 
did  not  see  that  the  most  modern  mill  in  America  was  at  all 
superior  to  the  Dowlais  mill,  or  to  the  Barrow  cogging-mill, 
except  that  the  hatter  had  been  put  down  some  years  ago,  and 
its  gear  was  somewhat  slower ;  but  it  was  not  bo  slow  as  ul 
be  of  any  disadvantage.  At  Barrow  and  other  places  theifl 
was  a  certain  amount  of  material  wliicli  it  was  poBsihle  for  them 
to  convert  into  pig  iron  and  finished  steeh  To  put  mills  up 
which  could  deal  with  a  larger  quantity  of  raw  material  than 
they  possessed  would  be  quite  a  loss  of  expenditure  in  capital 
and  also  in  labour.  He  admitted  that  the  mills  of  America 
tnrned  out  larger  makes,  but  it  did  not  follow  that  oa  that 
account  it  would  he  a  more  economical  way  to  work  in  Etigland 
— far  from  it  With  nil  his  knowledge,  which  was  very  full, 
of  the  American  mills,  he  could  say  that  he  would  not  have  the 
best  mill  in  America  in  place  of  the  Barrow  mill  Mr;  Garrett 
apparently  thought  there  was  more  advantage  to  be  gained 
out  of  larger  makes  than  was  understood  in  this  country  unde 
the  very  different  condition s  existing*  At  tlte  time  Americ 
sent  a  large  amount  of  material  into  this  country  last  yearj' 
they  were  probably  paying  for  coke  10s.  per  ton,  while 
English  manufacturers  were  paying  33s.  per  ton,  and 
that  difference  was  more  than  sufficient  to  pay  the  cost  g| 
the  carriage  from  the  works  in  America  to  the  works  ii 
Wales,  He  thought  that  America  had  a  great  future.  Hoi 
far  it  would  affect  England  in  the  long*run  it  was  impoesibl 
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to  saj ;  but  wbatever  advantages  Amertca  liad«  the;  were  not  m> 
timch  obtained  from  the  mills  as  tram  her  natural  prodaeta. 
America  bad  kife  qnatitities  of  iron  ore  low  in  silica  and  high 
in  iron,  and  an  abundanoa  of  cheap  fu^  And  again^  their 
products  were  carried  at  a  verf  low  rate  on  tlieir  railwajs, 
Wbile  English  manufacturers  paid  nearly  one  penny  per  ton  per 
ile  for  what  was  conveyed  by  nulway,  tlie  Americans  paid 
ouly  one-sixth  of  a  penny.  Protection  had  nndoubtedly  euabled 
Americana  to  buLid  the  very  excellent  mills  which  they  liad. 
He  thought  the  advantage  which  wa3  posfesseil  in  America 
by  quick-driving  was  due  to  the  ore,  it  beini:^  low  in  stUca, 
which  enabled  them  to  smelt  it  at  their  furuaces  vi^ry  easily, 
and  they  put  down  excellent  plant  for  doiog  so.  Iron  made 
with  low  silica  ore  has  the  considerable  advantage  that  it  must 
be  worked  very  speedily.  A  Bessemer  shop  in  England  takes 
twenty-five  minutes  to  blow  a  heat  owing  to  the  nature  of  their 
Iron,  whilst  the  Americans  must  blow  theirs  in  nine  minutes^ 
They  were  forced  to  drive  their  Bessemer,  and  tiicrefore  erected 
uch  mills  as  would  take  tlieir  Bessemer  product  while  hot 


Mr*  W-  Caksok  said  that  although  ho  belonged  to  one  of 
the  incriminated  trades,  he  was  not  di^s posed  to  reply  to  Mr. 
Garrett's  strictures  upon  the  mtithods  adopted  in  tho  wire  trade^ 
^because  things  which  were  stated  here  had  a  h libit  of  getting 
^across  to  the  ottier  side  of  the  Atlautic,  and  tliere  forming  a 
starting-point  for  those  clever  gentlemen  to  use  the  experi- 
enca  gained  here  to  our  detriment  But  while  admitting 
and  agreeing  with  Mr*  Gurrelt  as  to  a  stnndard  type  of  billet, 
ie  might  mention  that  Mr.  Garrett's  mills  ran  on  the  eame  «ize 
lof  billets  and  the  same  weight  and  qutility  of  billets  from 
^January  1  to  December  31,  He  need  not  say  that  that  was 
aot  the  class  of  work  which,  on  the  whole,  they  followed, 
ri though  it  suited  tlie  demand  in  America*  There  was  another 
point  which  had  struck  him  arising  out  of  an  incident  which 
tiad  happened  when  he  visited  Mr.  Garrett  at  the  time  when 
that  gentleman  had  just  completed  his  first  improvement  in 
the  rniUs  at  Cleveland,  Ohio.  That  was  in  1882.  A  man  hadj 
Esome  up  to  him  and  shaken  hands  with  him*  He  did  nMtj 
'^recognise  the  individoal^  but  he  was  informed  that  he  ha/^l^ 
1901.— i.  \ 
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been  one  of  his  puddlers.  He  aaked  him  how  he  got  of9 
there,  and  he  was  told  that  the  man  had  left  England  at  tBt 
time  of  the  strike,  the  strike  being  witb  regard  to  the  six- 
heat  trouble.  He  (Mr.  Carson)  had  asked  how  tnany  beats 
were  dealt  with  in  America,  and  was  told  that  there  were 
BIX  or  seven  sometimes.  Then  he  asked  why  he  would  not 
do  that  in  England,  and  the  man  replied,  *'  Well,  it  is  like 
this :  when  I  got  over  here  it  was  like  tumbling  into  a  mill- 
race,  and  I  had  to  go  with  the  atream/'  He  had  never 
forgotten  that  illustration.  There  was  no  doubt  an  enormous 
amount  of  money  in  the  United  States  which  its  76,000,000 
people  poured  into  the  laps  of  the  manufacturers  through  the 
tariff  to  pay  for  these  improvements  - — -  for  making  up  the 
$600,000  loss  which  had  been  mentioned,  for  instance*  The 
American  public  were  very  willing  to  find  the  capital  for  the 
steel  and  iron  masters,  and  for  every  trade  which  had  protec- 
tion, in  order  to  bring  machinery  up  to  date.  In  England 
the  manufacturers  had  to  put  their  bauds  into  their  own  pockets^ 
andj  as  Sir  Lowthian  Bell  said,  if  they  destroyed  £25,000  worth 
of  plant,  they  also  had  to  find  the  means  for  replacing  it 
In  the  newspapers  one  always  heard  the  complaint  that  the 
manufacturers  did  not  do  this,  that,  and  the  other,  and  the 
great  cry  had  been  for  technical  education.  That  was  all  vetJ 
well.  It  should  be  pressed  as  far  as  it  could  be  pressed ;  bi^ 
he  wanted  to  know  whether  the  first  condition  that  would 
enable  them  efifectually  to  educate  technically  their  working- 
class  population  must  not  he  a  desire  on  the  part  of  thai 
population  to  be  educated  technically*  His  friend  in  America 
had  tumbled  into  a  mill-race.  He  wanted  to  know  if,  as 
regards  British  labour  in  the  experience  of  any  one  of  them, 
there  was  any  "mill-race  "  ?  It  was  not  his  experience.  There 
were  no  better  workmen  either  in  rolling-mills  or  anywhere  else 
than  the  British  workman,  but  the  idea  of  the  British  workman 
was  totally  different  from  that  of  the  American  workman.  The 
American  workman  worked  for  all  he  could  get;  the  English 
workman  worked  to  get  so  much  a  weekj  and  getting  it  he  was 
satisfied.  In  many  instances,  however,  his  deliberate  limitation 
of  output,  his  impatience  of  all  control,  his  contempt  of  shop 
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^discipline,  and  his  artificial  restrictions  in  other  respects  dis- 
couraged the  British  employer  and  seriously  afifeoted  the  trade  of 
this  country. 
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The  meeting  then  adjourned  until  May  9, 

Mr.  W,  R.  Webster  (Philadelphia),  continuing  the  dis- 
cnsaion,  pointed  out  that  no  comparison  had  been  made  of  the 
qnality  of  the  finished  material  rolled  on  the  modern  rapid* 
runmug  mills  with  that  produced  on  the  old  Blow-mnning 
milla.  This  was  of  too  mucli  importauce  to  be  ov er looked j 
it  explained,  to  some  extent,  why  the  slow-running  milla, 
with  their  small  output,  were  still  in  use  in  many  places.  In 
the  case  of  railSj  one  of  the  members,  a  few  years  a;^o,  summed 
up  the  case  pretty  much  as  follows*  He  said :  "  Formerly  the 
bardnessj  tougliness,  and  good  wearing  properties  of  our  rails  were 
given  by  tlie  mechanical  work  of  rolling  the  steel  at  a  low 
temperature  on  otir  slow-ruiming  mills,  but  now  we  give  the 
hardness  by  the  chemical  composition  and  squirt  the  rails  through 
the  rolls/'  The  force  of  this  statement  was  appreciated  to-day 
better  than  ever,  and  it  was  generally  adniitted  that  the  bast 
steel  might  be  rendered  almost  worthless  by  being  finished  at 
too  high  a  temperature  in  rolling,  and  also  that  the  proper  heat 
treatment  in  connection  with  the  mechanical  work  in  rolling  had 
as  important  a  bearing  on  the  properties  of  the  finished  steel  as 
Its  chemical  composition.  But  regard  must  be  had  to  the  proper 
teductiona  in  each  pass  in  rolling,  as  too  great  reductions  would 
bring  out  the  second  heat  in  rolling  and  the  material  would  not 
he  aa  good,  no  matter  what  the  final  finishing  temperature  waSj  as 
it  would  have  been  if  moderate  reductions  had  been  used  in  con- 
nection with  the  proper  finishing  temperature. 

The  increase  of  carbon  had  been  greatest  for  the  heavier 
sections  of  rails  (and  in  some  cases  carried  too  far).  This 
rendered  the  steel  much  more  sensitive  to  injury  from  too  high  a 
finishing  temperature.  The  manufacturer's  difficulties  were  still 
further  increased  by  the  thin  metal  in  the  wide  flanges  of  these 
heavy  rails  cooling  off  so  much  quicker  than  the  large  compucfc 
jnass  of  metal  in  the  heads  of  these  rails.  This  prevented  the  ' 
work  of  rolling  on  the  heads  from  being  carried  to  a  temv'^^^V^^''^^- 
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low  enough  to  break  up  the  coarse  gmiu  structure  aod  pra9H 
the  good  tough  steel  so  much  desireJ.      Taking  everything  ii» 
coDBideratioti,   the    rolling  of  satbfactory  high  carbon    1004bB 
steel  T  raila  was  the  most  difficult  problem  that  the  steel  mills 
ia  America  had  to  contend  with. 

The  lOO-lbs,  T  rails  rolled  in  America  were  as  good  as  tho 
rolled  in  any  other  country,  but  they  were  not  giving  as  satiafai 
tory  results  as  the  lighter  sections.  Yet  when  these  heavy  rail 
were  re-rolled  to  lighter  sections  they  gave  very  aatisifactory  resulla 
the  change  being  due  to  the  breaking  up  of  the  coarsa  structure 
by  the  annealing  action  of  the  slight  heat  for  re-rollings  tins  heat 
not  being  suthcient  to  again  form  the  coarse  grain.  There  was 
also  the  further  beneficial  action  of  the  rolling  at  this  low  tem- 
perature. All  this  had  caused  quite  a  inaction  to  set  in,  and 
now  the  greatest  attention  was  being  paid  to  the  finishing  of  heavy 
raila  at  a  lower  temperature.  The  mills  were  endeavouring  to 
do  this  without  interfering  with  their  large  daily  output.  The 
Carnegie  Steel  Company  were  using  an  intermediate  cooling  be^— 
where  several  rails  were  held  with  the  head  of  one  rail  in  contaifl 
with  the  flange  of  the  rail  next  to  it,  until  they  reached  a  low 
enough  temj>erature  for  the  final  pass.  ^ 

Other  methods  had  been  suggested  and  tried,  but  in  all  casiH 
up  to  the  present  time  it  was  the  thin  metal  in  the  flange  of 
the  heavy  T  rails  that  controlled  the  finishing  temperature.  The 
engineers  recognised  this  difliculty  and  were  disposed  to  meet  the 
manufacturers  half  way.  The  American  Society  of  Civil  Engi- 
neers were  going  to  discuss,  at  their  Annual  Convention  next 
montli,  the  advisability  of  appointing  a  committee  on  rail  sections 
to  consider  putting  more  metal  in  the  flanges  of  the  heavier  rails. 
The  committee  on  rails  of  the  American  Eailway  Engiueering 
and  Maintenance-of'Way  AsaociatioUj  in  their  report  of  March 
last,  advocated  putting  more  metal  in  the  flanges  of  the  heavier 
rails. 

It  was  of  course  of  the  greatest  importance  to  have  a  trust worthj 
check  on  the  finishing  temperature  of  our  raik,  and  one  had  bea 
suggested  whicli  se&med  to  have  many  advantftges  on  account 
its  simplicity.  It  was  the  amount  of  shrinkage  that  took  place 
in  a  thirty-foot  rail  from  the  temperature  at  which  it  was  cut 
at  the  hot  saw  until  it  reached  the  normal  temperature.     After 
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Vlfais  bad  been  detennined  hj  carefal  experimeGt,  it  would  no 
doubt  be  embodied  in  American  lail  specificatiofis. 

Doubtless  Mr.  Garrett  would  admit  that  the  mill  of  the  future 
should  embody  all  the  good  features  of  the  old  slow-ninning 
mills  as  to  the  nniaber  of  passes  and  low  finishing  temperature^ 
with  the  large  or  larger  output  of  the  present  rapid-running 
mills,  and  perhaps  be  might  have  some  suggestions  to  offer  as 
to  how  this  could  be  broagbt  about  in  the  dififerent  classes  of 
mills  referred  to  by  him* 

Mr.  W,  R  Webster  in  a  subsequent  note  stated  that  in  1894^ 
in  his  paper  before  this  Institute  on  "  The  Relations  between  the 
Chenjical  Constitution  and  Ultimate  Strength  of  Steel,"  he  gave 
a  table  showing  the  correction  found  necessary  on  account  of 
finiahiug  temperature  for  different  thicknesses  of  material,  and 
said  :— "  When  rolling  heavy  steel  plates,  trouble  is  often  caused 
by  finishing  them  at  too  high  a  temperature,  which  gives  a 
material  with  crystalline  fracture,  poor  reduction  of  area,  and 
poor  bends*  In  order  to  guard  against  this  and  control  the 
fiuishing  temperature,  we  use  very  light  draughts  in  rolliug,  and 
produce  as  good  results  in  heavy  plates  as  in  the  light  ones. 
Too  much  importance  cannot  be  ^iven  to  the  heat-treat ment 
of  steeL  Mr.  H.  M,  Howe's  recent  experiments  on  tlie  subject 
are  of  the  greatest  value,  and  it  is  to  be  hoped  that  they  will 
be  continued  on  a  larger  scale  in  connection  with  the  work  of 

^  rolling  and  forging/' 


Mr*  W.  H*  ElecklVj  Hon,  Treasurer,  asked  if  he  might  be 
allowed  to  say  a  word  of  a  personal  nature.  Since  reading  over 
Mr.  Garrett's  paper  again,  he  had  noticed  a  statement  that  there 
was  a  four-high  mill  in  Warrington  which  was  much  more  com- 
.  plicated  than  a  good  Belgian  mill.  Mr,  Garrett  in  his  wisdom 
dght  consider  that  mill  was  complicated,  but  he  did  not  know 
much  about  it  as  he  (Mr.  Bleckly)  did.  Complicated  or  not, 
ie  would  undertake  to  &ay  that  that  mill  io  the  course  of  twelve 
bours  would  make  fewer  cobbles  either  in  rolling  two  rods  or 
iree  roda  at  a  time  than  any  mill  in  America.  And  that  when 
fehe  Americans  took  off  their  duty,  many  English  fir  ma  besides 
lis  own  would  be  prepared  to  enter  ordei-8  for  small  No.  6  wire 
and  deli^rer  them  at  the  other  side  of  the  Atlantic  at  i 
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Americaii  prices,  and  he  did  not  think  they  would  do  so  with- 
out making  a  profit.  i 


Mr,  FiNLAY  FiNLATSON  said  with  regard  to  Mr,  Garrett's 
remarks  as  to  the  plate-Tiiillgj  he  thought,  instead  of  saying  tL&l 
British  mills  were  eqwal  to  Americans,  he  ought  to  have  said  that 
they  were  better  with  regard  to  plate-roUing*  The  principal  fank 
that  Britishei^  had  was,  that  they  did  Tiot  keep  their  mills  f  iilh  Mr. 
Fiulayson  bad  put  down  a  mill  at  the  Stockton  Malleable  Ironworics 
about  thirteen  years  ago,  and  they  had  been  taking  from  1350  to 
1450  tons  per  week  regularly  out  of  this  mill  There  were  othef 
mills  which  had  been  put  down  since,  and  be  was  quite  con  Meal 
that  they  could  take  2000  tons  a  week  out  of  a  nioderu  Britisl 
milL  Certaiuly  there  was  a  mistake  in  the  driving  of  ship-plate 
mills — they  were  too  slow  for  ship  plates.  There  was  only  one 
case  that  he  knew  of  where  they  were  driving  direct,  and  they 
could  easily  take  from  150  to  160  tons  per  shift  of  twelve  hours 
out  of  that  milL  Another  thing  was,  that  in  the  tbree-high  mill 
in  America  they  could  not  make  the  same  surfaces  on  the  plate 
as  we  could  do  \  in  fact,  it  would  be  hard  to  get  them  to  pass 
the  inspector  in  this  country.  He  would  like  to  ask  Mr,  Garrett 
about  the  skelp-mill,  as  he  called  it*  Mr,  Garrett  said  that  they 
were  rolling  with  a  universal  three-high  mill  up  to  36  inches 
wide.  How  did  Mr.  Garrett  keep  those  plates  from  buckling 
when  working  at  10  or  11  wire  gauge  ?  Then  Mr.  Garrett  said 
that  the  three-high  mill  was  the  best  for  rolling  hoops.  He 
recollected  that  in  their  district  they  had  a  three-high  mill  and  the 
ordinary  old-fashioned  two-high  mill  with  balanced  roughing  rolls, 
and  strange  to  say  in  the  pull-over  the  two-high  mill  was  better 
than  the  three-high  mill  for  output  In  the  three-high  mill  they 
had  to  change  the  roughing  rolls  for  tlie  various  sections,  whereas 
in  the  two-hi.uh  mill  they  never  required  to  change  the  roughing 
rolls  at  alb  He  had  taken  as  much  as  50  tons  per  shift  of  twelve 
hours  out  of  that  two-high  mill  The  fly-wheel  of  the  engine 
was  not  strong  enough  to  drive  any  faster^  or  he  could  have  done 
more.  It  was  a  24-inch  mill.  He  should  like  some  infor- 
mation with  regard  to  the  three-high  mill.  Another  point 
.  was>  that  in  this  country  hoops  had  to  be  put  through  planish* 
ing  roUsi  as  the  tube-makers  in  this  country  would  not  take  the 
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hoops  here  m  ihej  weie  mUed  in  America,  that  is,  with  the  same 
surfaeeB* 


^m  Mr.  J,  P.  Bedsox  said,  that  as  the  eootmoous  mill  had  been 
meDtianed  in  the  paper^  he  thought  it  would  not  be  inappropriate 
for  him  to  saj  a  few  words  on  the  oontiutioiis  system.  He  did 
not  wish  ia  any  way  to  depreciate  what  Mr,  Garrett  had  said  or 
what  be  had  done  in  America.  Wonderful  work  had  been  done 
there,  and  he  was  quite  ready  to  acknowledge  it.  At  the  same 
time  he  h&A  naturally  a  strong  feeling  for  the  continuous  system 
for  wire-rod  rolling,  as  he  was  the  son  of  the  inveotor.  He  was 
sorry  that  Mr.  Garrett  was  a  little  misleading  in  his  statement 
in  the  paper,  where  he  depreciated  the  continuous  mill,  imd 
referred  to  the  mill  at  Middlesbroughp  for  which  he  (Mr.  Bedsou) 
was  responsible*  He  stated,  '*  I  understand  that  at  Middles- 
brough there  is  a  continuous  rod-mill  which  has  been  in  opera- 
tion for  some  time,  but  for  some  reason  or  other  recently  another 
mill  was  put  in,  but  it  was  of  the  Belgian  type/'  This  continuous 
mill  was  designed  to  roll  300  tons  a  week  of  Ko.  G  rods,  and  not 
No.  5  J  as  rolled  on  the  Garrett  mil!.  No,  6  small  ^  it  would  be 
readily  understood,  was  a  more  marketable  article  than  No,  5 
from  a  wire -drawer's  point  of  view^  That  mill  was  doing  from 
350  to  400  tons  a  week  at  the  present  time,  rolling  a  2*inch 
billet  weighing  over  3  cwt.  to  No.  6,  This  billet  had  never  to 
be  lifted  in  its  entire  weight  by  the  men  in  the  mill;  for  when 
he  stated  that  one  roller  and  one  helper  and  a  hooker^  who  could 
be  done  away  with,  were  the  only  three  men  on  the  mill,  he  did 
not  think  that  was  very  bad  practice.     As  to  Mr.    Garrett's 

■statement  that  the  Belgian  mill  liad  been  put  down  in  tlie  works, 
this  was    perfectly  true,   but  it   had   been  on  the  carpet   for 
eighteen  months,  and  had  not  yet  displaced  the  continuous  mill, 
iWluch   was   still   running*     This  continnous  mill  delivered  the 
^0.  6  finished  rod  at  an  equal  temperature  to  that  at  which  the 
|billet  went  into  the  mill,  so  that  the  finished  rod  was  as  soft  as 
Dssible  with  the  particular  class  of  material  they  were  rolling. 
There   was  no  chance  of  its  being  cold-rolled*     With   regard 
the  rod-mills  rt^ferred  to  at  Messrs*  Johnson  and  Nephews, 
Ehe  might  say  that  although  he  had  not  bad  anything  to  do  with 
|hem  for  a  considerable  time,  one  of  the  old  mills  which  was  put  in 
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in  1866  was  runniog  to  this  day,  the  only  alteration  being  the 
addition  of  a  few  rolls  with  larger  grooves  to  take  a  2 -inch 
billet,  instead  of  the  l|-inch,  as  originally  intended.  A  further 
remark  he  had  to  make  as  to  Mr.  Garrett's  idea  of  distribution 
from  a  large  mill.  That  placed  in  a  convenient  central  situation 
to  serve  various  wire-drawing  concerns  would  be  very  nice^  and 
would,  no  doubt,  be  very  nice  in  America.  He  reminded  Mr. 
Garrett  that  in  this  country  the  railway  companies  would  not 
carry  wire  rods  600  miles  for  6s.  per  ton,  nor  would  they  cany 
them,  as  they  did  in  Germany,  400  miles  for  4  marks  per  ton. 


CORRESPONDENCE. 

Mr.  FiNLAY  FiNLAYSON  (Coatbridge)  supplemented  his  re- 
marks at  the  meeting,  and  stated  that  he  did  not  consider  that 
Mr.  Garrett  had  grasped  the  conditions  under  which  work  has 
to  be  carried  on  in  this  country.  Speaking  of  rails,  for  instance, 
in  the  United  States  they  could  keep  on  rolling  the  same  sections 
from  week  to  week,  whereas  in  Great  Britain  it  was  considered  a 
very  good  run  if  they  could  keep  the  mill  on  a  single  section  for 
twenty-four  hours.  In  some  cases  the  rolls  might  have  to  be 
changed  twice  in  one  shift,  and  where  frequent  changes  were 
necessary,  the  work  of  changing  a  two-high  mill  was  very  different 
compared  with  that  of  changing  a  three-high  mill.  In  fact,  tlie 
present  system  of  rolling  rails  was  the  most  suitable  under  tlie 
conditions  which  exist  in  this  country.  The  Americans  would 
very  likely  find  this  to  be  the  case  when  they  came  to  invade 
our  territory.  As  Mr.  Garrett  admitted,  the  opinion  as  regards 
structural  mills  was  fairly  evenly  divided,  and  it  might  be  said 
that  rails  have  to  be  produced  in  this  country  under  the  same 
conditions  which  governed  the  rolling  of  structural  work. 

It  was  impossible  to  agree  with  Mr.  Garrett  when  he  said  that 
the  cost  of  labour  was  more  with  the  two-high  than  with  the  three- 
high  mill.  If  the  mill  was  properly  designed,  there  was  no  doubt 
that  the  advantage  was  on  the  side  of  the  two-high  reversing 
system. 


:5cx--3ix.  &  &  iioi^iiBUi. 
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The  syaten  vBrikr  wiilch  tlhe  plAt«  mills  in  Uits  ooviiitvy 
W0ribed  VIS  iur  in  advuiet  of  IlittI  in  mm  m  Am&nm.  In  m 
revemiig  nSl  il  wat  dsiar  to  foU  m  fiTt-toa  dsb  Uitto  «  fimi- 
hmndpedwe^l  one,  aad  tta  bmdlli  lad  Ifi^;|]b  could  be  betlir 
ngidaled  thui  wis  tlie  c^m  oa  m  tlit«e-l&tgti  milt  Ths  nsnsl 
ptaelaee  was  to  roll  plates  m  IngUia  of  tmm  SO  to  70  leel^  lcii|ttg 
theiii  to  brenitli  aad  cstling  Item  to  leigtii  in  Ika  aaiat  way  aa 
ban.  Witb  Tcitjeal  boadiig  fmnaoei  atid  wellnlesigiifd  tabloi  oa 
the  BuUa^  thm  writer  bad  made  piatea  at  a  labottr  coel  oi  54  per  ton 
for  beating  and  8|d.  per  too  for  rc^ttig.  The  most  expenajva 
part  ia  tlie  ptaseat  efstem  a(  pkta^makitig  was  the  sheartng, 

I  With  legatd  to  mefehanl  mills  and  the  prodaction  of  oftltEiaiy 
mercbantflaetioQs,  be  tfaongbt  Mr.  Gairott  wrong  in  say i tig  that  we 
were  bebiixl  in  this  coo ntrj.  In  an  ordinarj  12-iuch  guide  mtll 
in  the  Coatbridge  district  it  wna  usiml  to  take  from  So  to  43  tons 
of  I -inch  round  iron  per  shif(  of  twelve  hours,.  It  waa  doubltal 
whether  thej  could  do  as  well  as  this  in  America.  But  of  ooiirse» 
OS  f fir  as  rod-rolling  was  concerned,  the  manufacturers  of  this 
country  were  nat  in  it.  The  works  referred  to  bjr  the  author 
must  be  stmngely  antiquated,  as  ail  shears  and  other  items  were 
now  driven  separately.  About  twenty-five  years  ago  it  might  have 
I  bten  the  rule,  but  for  the  last  twenty  years  rolling  by  hand  in 
Kthe  Contbridge  district  had  been  entirely  doue  away  with.  Here 
again,  however,  the  conditions  were  different,  siuce  tlie  mills  must 
be  arranged  for  rolling  either  iron  or  steel. 


I 


Mr.  S.  S-  HoRSFiKLD  thought  that  the  members  of  the  Institute 
were  very  much  indebted  to  the  author  for  this  most  valuable 
paper ;  it  ought  to  l>e  an  incentive  to  the  British  steelmakers} 
or,  lis  he  jjlainly  put  it,  they  would  be  left  bebiml. 

There  was  no  doubt  that  the  American  rolling  mills  were  a  long 
way  ahead  of  tliose  in  this  country,  but  the  case  was  sairctdy  so  bad 
as  the  author  painted  it*  Take  the  cogging  or  blooming  i^olls ; 
the  author  said,  '*  Why  not  adopt  the  design  of  the  Americiiu 
ogging  rolls  ? "  That  did  not  seem  at  all  necesanry,  Tlie 
three  cogging  mills  with  which  the  writer  was  familiar  had  rolla 
I  as  good  a  design  aa  the  American  ones.  Porliaps  English  mills 
^were  not  so  powerful,  but  with  a  pair  of  rolls  that  would  take 
a  16- inch  sq^uare  iogot  or  20-iDch  by  14-inch  ingot,  and  maka 
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any  size  of  bloom  down  to  a  4-iDcli  billet,  or  slabs  from  18-incff 
by  4-iiich  to  7*iiich  by  2-iuchj  much  more  could  not  be  expected* 

These  same  cogging  mills  worked  direct  from  the  mills  making 
etructuml  steel,  and  when  making  angles,  channels,  Sue,  the  make 
reached  anything  between  150  to  200  tons  every  twelve  houis. 
When  changing  rolls  m  the  6nishing  to  ill  the  cogging  mill  was 
kept  busily  cogging  slabs  for  sheet  mills  and  4-inch  billets  for 
ftumll  bar  or  rod  mills*  Therefore  it  was  not  necessary  in  this 
case  for  the  whole  of  the  plant  to  stand  idle  while  changing  the 
finishing  rolls,  as  the  author  said. 

It  might  also  be  mentioned  that  at  one  of  the  works  where  such 
a  mill  was  working,  it  was  notliing  unusual  to  roll  angle  bars  300 
feet  long ;  in  fact,  the  writer  had  rolled  bars  over  400  feet  long. 

Kail  mills,  whether  three-high  or  two-high  reversing^  should  be 
made  very  powerful,  and  should  be  specially  designed  for  rails 
only,  to  work  economically,  but  it  was  a  matter  of  opinion  %vhethetB 
the  three-high  or  two-high  reversing  was  the  best.     From  the  point" 
of  ecoDoray  perhaps  the  advantage  lay  with  the  three-high  milL 

The  author  was  right  in  stating  that  we  roll  tin  bars  in  our 
two-high  rail  millSj  but  that  scarcely  constituted  a  jobbing  milL 
For  tin  bars  the  three-hjgli  mill  was  certainly  the  most  econotuicaL 
With  a  powerful  mill  and  a  good  supply  of  steel  the  make  might 
be  anything  above  500  tons  per  twelve  hours*  work  There  were 
three-high  mills  working  tin  bar  in  this  country,  hut  it  was  to  be 
feared  they  were  too  light  for  large  makes,  M 

The  author  asked  whether  our  mills  were  kept  running  full 
during  the  twelve  lioui's'  turn.  The  auswer  to  this  was  *'  No/*  One 
of  the  greatest  drawbacks  and  complaints  heard  in  steelworks 
in  this  country  was  either  **  short  of  steel  *'  or  "  short  of  steani/' 

In  the  case  of  the  three -high  mills  in  America,  which  dealt 
with  two  pieces  in  the  roughing  rolls  and  two  pieces  in  the 
finishing  rolls  at  the  same  time,  it  would  be  interesting  to  kuow 
whether  each  set  of  rolls  were  driven  by  separate  engines.  Per- 
haps Mn  Garrett  would  enlighten  ns  on  this  point.  B 

The  author  also  mentioned  the  Lindsay  friction  clutch*  In 
the  writer's  opinion,  this  clutch  would  never  supersede  the  revers- 
ing engine^  although  it  certainly  did  the  reversing  of  the  rolls 
admirably.  The  shock  given  to  a  mill  was,  however,  not  in  the 
reversing,  but  when  the  rolls  gripped  the  piece,  and  in  a  constant 
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nmning  engiiie  the  shock  waa  aeiere  wben  the  work  was  heATj, 
as  in  a  ooggiog  mill.  With  m  revemiis  engiud  tiim  did  mol 
Dccun  As  legards  plate  miUs^  he  thought  it  was  as  the  author 
said;  ibe  three-high  plate  mill  was  the  moat  suitaUe  for  thin 
plates^  and  the  two-high  rerersiiig  for  thick  plates. 

Would  the  author  state  if  the  roughing  or  breakdown  rolls  in 
the  American  plate  mills  were  of  steel,  and  whether  the  rolls  liad 
a  constant  supply  of  water  rnnnmg  on  them  f  Had  they  two 
sets  of  hard  or  tinishiog  rolls,  and  was  only  a  certain  sise  and  cer- 
tain weight  of  plate  rolled  in  a  certain  mill  ?  It  was  a  very  easy 
matter  to  make  large  outputs  in  some  mills,  when  it  was  possible 
to  pick  the  orders  by  splitting  up  the  speciG cations.  Further^ 
in  speakiDg  of  large  makes,  the  number  of  mills  on  that  clasa  of 
work  should  be  stated,  so  as  to  show  the  average  tonnage  of 
the  lot. 

The  statement  that  we  rolled  three-quarter  rounds  by  hand  on 
our  iron  merchant  milb  was  probably  incorrect  The  writer  had 
heard  of  it,  but  had  never  seen  it.  It  was  most  likely  rather 
ancient  history. 

It  was  doubtless  true  that  a  large  quantity  of  the  machiuery  in 
British  iron  and  steel  works  ou^ht  to  be  put  on  tlie  scrap  heap, 
and  better  appliances  substituted,  otherwise  there  was  danger  of 
our  being  left  behind,  and  of  the  steel  trade  of  this  country 
becomitrg  a  thing  of  the  past. 


I 


Mr.  Garrett,  in  liis  replyj  regretted  that  he  had  not  heard  all 
of  the  statements  which  had  been  made  that  iiiortiing,  but  he 
would  take  an  opportunity  of  replying  in  full  when  he  received 
a  record  of  what  had  been  said*  He  would  only  touch  now  upon 
some  of  the  maiu  points  as  briefly  as  possible.  Mr.  Webster  had 
asked  him  to  say  somethitig  upon  the  benefit  of  rolling  the 
material  cold.  That  the  rolling  of  steel  at  a  low  temperature 
was  very  beneficial  in  many  cases  was  pretty  well  known,  but 
there  was  one  point  to  wliich  he  wished  to  draw  their  attention, 
and  that  was  that  owing  to  the  increase  in  section  of  the  rails 
demanded  in  the  United  States,  on  account  of  the  increased 
weight  of  cars  and  locomotives^  they  did  not  wear  so  well^  and  it 
had  been  found  that  by  rolling  them  colder  the  life  of  a  rail  was 
increased*     What  bad  they  done  to  remedy  this   in  America  ? 
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What  had  the  Carnegie  Steel  Company  done  when  they  found 
that  out  ?  Did  they  cut  down  their  product  ?  Did  they  stop 
the  whole  mill  by  delaying  the  process  of  finishing  the  rail  to 
allow  it  to  cool  ?  No.  They  devised  a  means  whereby  they 
could  get  a  rail  finished  at  any  desired  temperature  without 
decreasing  the  product  of  the  mill.  They  believed  in  large  out- 
put, and  they  rolled  their  rails  almost  cherry-red^  if  necessary, 
and  that  without  decreasing  their  daily  product. 

Mr.  Bleckly  had  spoken  about  his  mill,  and  also  about  the 
quality  of  the  rods  in  America,  and  a  good  deal  had  been  said 
about  the  inferiority  of  the  plates.  Thousands  of  tons  of  rods 
had  been  imported  into  this  country  from  America  in  the  past, 
besides  thousands  of  tons  of  plates,  steel  bars  for  rivets,  and 
strips  for  tubes ;  and  when  the  steel  trade  recovered  its  normal 
condition  in  the  States,  they  would  export  thousands  and  thou- 
sands of  tons  more.  Yet  it  would  still  be  claimed  by  some  that 
the  American  product  was  of  an  inferior  quality.  Who  were  the 
largest  users  of  steel  in  the  world  ?  The  United  States.  Who 
used  more  wire  rods  than  any  other  country  in  the  world  ?  The 
United  States.  In  the  United  States  they  made  rods  which 
were  drawn  down  to  wire  and  made  into  nails.  England  did  the 
same.  England  made  fencing  wires,  America  did  the  same. 
England  made  spring  wires,  America  did  the  same.  England 
made  wire  for  weaving,  America  did  the  same.  In  fact,  America 
produced  wire  for  every  purpose  for  which  England  produced  it, 
except  crucible  steel  wire.  Ninety  per  cent,  of  the  rods  used  for 
wire  were  made  on  what  are  called  Garrett  rod  mills^  and  not  10 
per  cent,  of  the  million  tons  or  thereabouts  which  were  made 
annually  on  those  mills  were  perfectly  round,  and  about  50  per 
cent,  were  one  to  two  sizes  out  of  the  round.  Yet  the  people  of 
the  United  States  appeared  to  live  comfortably  and  happily,  and 
used  the  finished  material  made  from  those  imperfect  rods  to  good 
purposa  The  British  wire  manufacturer  had  yet  to  learn  that 
in  order  to  obtain  economical  results  it  was  not  absolutely  neces- 
sary to  have  a  perfectly  round  rod,  except  for  some  very  special 
purpose,  such  as  screw  and  wire  rods  made  from  high  carbon 
wire.  In  reply  to  Sir  Lowthian  Bell,  he  would  say  that  any 
remarks  made  by  him  must  be  received  with  respect  and  atten- 
tion, and  he  was  very  much  gratified  to  hear  for  the  first  time 


the  mm  ni  aied  ■iifaililn.  «r  GMit  Ihittii.  Bt  wmM  ^iNAft 
the  faltoir^  fa^  lii  iiiwiil,!  hmmit^  m  m^ptiM^  ^K<>tkki^ 
bad  mmd  » tfc^^w  rfthwi  m  tfc»  aif iii>t ^iilrttit  k 
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mw«j  irith^ 
they  hmi  iam  i 
inter^is  of  ihiir 
of  condiiGtiiig  tiio 

than  vhH  1m  (Itr^ 


IM  iMft  Miaiii  iMIi  kMltH 
!bts  WAS  mmffy  Mi^ni  iiiiM«  itr 
^  haa  gHjUBtcUd  llMI  lilt  Bitllill 
ifoti  and  sted  niMtoro  afaouM  do  with  th^ir  T>iillii^iiiiitk,  l»iit  $ir 
LowtLmo  Bell  apparently  dM  aol  proaeh  wl^l  ha  had  iMraoliied 
with  such  good  efied^  for  ha  damurtad^  on  th«)  paH  of  Uia  tmii 
aod  steel  masteia  h&re^  agdaal  icrap{4tig  an  oM  roUiu|t*miU  that 
mii;ht  bave  cost  £25,000  in  its  origitml  cmi^tmatioii* 

H^  was  Tovy  gkd  that  Mr,  Fmlaysoii  had  audoraml  wimt  ha 
had  said  about  plate-mills ;  ha  waa  glad  that  thon»  was  at  l^att 
one  man  in  the  rooni  who  agref^l  with  him. 

Yesterday  Mr>  Bleckly  said  that  ho  ikHihtinl  hii  sttitetutmt 
that  f-inch  round  rods  had  been  roUtd  by  hand  in  thii 
country  in  16-foot  lengtlm.  He  saw  that  done  in  IRPH.  nnt  in  a 
museuin,  aa  had  been  sygge»tod«  hut  on  a  ntill  in  n  vvntkfi  In 
England.  He  might  say  he  had  never  seen  a  rollin^-tiijll  hi  a 
museuut,  thongli  he  Imd  scon  many  in  Ori'at  Biitniti  whh  h  oiijjht 
,to  be  there,  lie  could  Ui*t  iidbrd  Ut  j^rst  up  U'fum  tliut  hmly  of 
Eien,  which  was  coniposeil  of  the  hrij^httiitt  and  niont  iiQtontiOo 
men  in  the  world,  so  far  ns  i\m  munnfucinrt*  nf  wtn*!  wti»  eon- 
cerued,  and  make  an  abaolnto  nii^Btatiinifnt.  Mr.  Blorkty  had 
said  that  there  was  a  company  in  Krif^hind  whirjli  had  nn  urddr 
for  1000  tona  of  cotton  ties  to  \m  Hhijjpnd  U*  the  Htiitn.«t.  ThciO 
were,  after  paying  the  duty,  sold  at  XJi  below  the  price  tfiat  tha 
American  makers  hnd  asked*  He  wotdd  aak  if  the  nieftihem  of 
the  Institute  were  aware  tlmt  in  Ameriwi  they  were  nmking 
cotton  tiea  for  delivery  to  acme  ptacefl  whi€h  mum  as  far  distant 
from   Pittflhurgh  as  t!je  middle  of  the    Allan  tie.      Were  thff  i 

I  aware  that  the  freight  in  some  casea  waa  leven  and  ei^'ht  df^llara 
Ipet  ton  more  than  from  Pittsburgh  to  Liverpool  ?     Woro  thif 
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ftw&f«  that  ships  wLdcb  look  oaltoii  to  Gieat  Britain  were  glai 
to  take  anvthiDg  back  as  ballot?  The  1000  toQS  mentioned 
was  a  mei^  fraction  of  the  demand  for  cotton  ties  in  the  United 
States,  which  was  about  45,000  tons  a  year. 

Mr»  Bleckly  had  afiimied  that  in  their  works  they  rolled  iH 
l^inch  round  by  guide-  He  wished  to  say  in  reply  that  he  had 
made  a  statement  in  his  paper  with  r^ard  to  first-claBS  mills  for 
making  iron,  thereby  intimating  that  he  knew  they  had  in  this 
country  some  excellent  mills  for  rolling  iron  bars.  He  also 
knew  that  the  |-incb  round  was  rolled  by  guide  in  some  mills, 
but  he  called  in  question  the  lack  of  competition,  when  some 
ironworks  could  still  roll  these  by  band,  making  10  tons  per 
turn,  and  still  pay  large  dividends.  He  wished  to  say  that  he 
bad  seen  the  works  in  which  Mr.  Bleckly  was  interested,  and  he 
frankly  admitted  that  their  mills  were  tJie  best  in  Great  Britain 
for  rolling  iron  bars,  with  the  exception  of  those  at  the  Waverley 
Ironworks  at  Coatbridge^  Scotland,  where  a  good  deal  might  be 
leanit  about  the  rolling  of  iron. 

In  his  remarks  Mr.  Tonks  first  questioned  the  advantage  of 
using  a  4-inch  billet.  He  seemed  to  think  that  he  had  laid  too 
much  stress  on  its  value,  and  that  it  did  not  suit  all  sizes  required 
in  the  trade.  In  his  article  entitled  ^'The  History  of  the  Four- 
Inch  Billet  *'  it  was  stated  that  owing  to  the  cheapness  of  these 
billets  means  were  useii  to  make  a  T-ineh  flat  from  that  size  of 
billet,  and  that  as  small  as  ^-inch  round  and  square,  and  §  by 
^  flats,  were  rolled  from  a  4-inch  billet-  In  fact,  he  stated  that 
since  it  cost  4s.  per  ton  more  to  make  a  2-iDch  billet  than  it  tiid 
to  make  a  4- inch  billet,  and  since  4s.  wonld  pay  tha  tonnage 
labour  for  making  4-inch  billets  into  finished  bars,  hence  a 
finished  bar^  so  far  as  the  tonnage  labour  was  concerned,  could  be 
delivered  ready  for  shearing  and  shipment  for  the  same  cost  aa 
2 -inch  billets  delivered  at  the  furnaces.  For  very  small  sizes  he 
was  prepared  to  design  a  mill,  and  in  fact  tbey  were  building  one 
in  the  United  States,  that  would  make  |-inch  20-gauge  hoops 
and  as  small  as  J-inch  round,  starting  with  a  4-iiich  billet.  He 
claimed  that  the  happy  medium  in  the  size  of  steel  billet,  to  give 
the  best  and  cheapest  results  in  the  rolling  of  wire  rods  and 
merchants  bars  from  the  ingot  to  the  finished  bar,  was  a  steel 
billet  4  inches  square,    Mr.  Tonks  seemed  to  doubt  the  merits  of 
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billets  of  this  size  as  campaml  with  those  of  smallar  hillcts.  Uo 
had  gi^en  an  elaborate  deseriptioa  of  a  rolMng^tui)],  appaxentlx 
not  in  use ;  thia,  however,  was  in  his  opinion  somewhat  beside 
the  qtiestior),  for  thej  were  discussiag  a  comparisoQ  of  existing 
millfl,  and  not  of  those  to  be  built  in  the  futiife. 

He  would  make  the  following  state  men  t  m  support  of  hU 
sug^^estion  that  they  should  import  steel  billets  instead  of  ore 
contaiiung  50  per  cent,  of  useless  foreign  matter.  The  idea  was 
no  insane  one,  and  was  certainly  not  entitled  to  the  scathinL^ 
rebuke  which  he  had  received  for  suggesting  it  in  that  halL 
A  short  time  ago  a  Scotch  ironmaster,  who  for  years  had  sup* 
plied  a  large  proportion  of  bars  for  the  rivet  business  of  the 
Clyde  shipyards,  ascertained  that  some  thousands  of  tons  of  steel 
rivet  bars  had  been  delivered  from  the  ITniied  States  in  the 
vicinity  of  Glasgow  at  a  lower  price  than  what  he  could  deliver 
them  ati  when  buying  the  billets  necessary  for  the  purpose  in 
Great  Britain.  Did  he  sit  down  and  cry,  '*  It  was  all  owing  to 
the  cheap  raw  material  in  America"?  Or  did  be  rail  against 
the  tariff  and  American  protection  ?  Not  at  alL  He  at  once 
took  measures  to  find  the  cost  for  which  he  could  get  4 -inch 
I  Steel  billets  delivered  in  Scotland  from  America,  calculated  what 
it  would  cost  to  roll  those  billets  on  his  present  mill  into  round 
bars  suitable  for  making  thoic  rivets,  tendered  for  a  2000  ton 
lot,  and  got  the  order.  He  bought  those  billets  from  the  United 
States  and  made  a  good  profit  on  the  transactLon,  and  if  he  had 
had  the  improved  American  mill,  about  which  iome  scornful  re- 
marks had  been  made,  he  could  have  made  3b.  per  ton  more  profit. 
He  would  draw  no  moral  from  that  incident,  the  conclusions 
were  plain  enough*  AH  fair-minded  men,  he  thought,  would 
admit  that  in  this  case  half  a  loaf  was  better  than  no  bread. 

One  of  the  most  remarkable  statements  he  had  ever  heard  had 
been  made  by  Mr.  While>  namely^  that  he  woold  not  liave  the 
best  rolling-mill  in  America  in  hii  works,  and  gave  as  a  reason 
because  it  produced  too  much.      If  that  theory  wrr^  htm 

the  Carnegie  Steel  Company  had  all  along  been  v^   [  he 

wrong  line,  in  spite  of  the  fact  that  in  all  the  ftunalft 
history  of  iron  and  steel  no  company  had  ma<i'' 
than  they  in  the  last  twenty  years.     Between   I 
they  sold  their  prodncts  at  a  lower  rate  than  any  o 
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in  the  world  I  jet  tb^y  not  only  encouraged  but  demanded  tbe 
tnaximum  production  from  every  furnace  or  mill  that  they  hwLi 
Mr.  While  had  also  said  tbat  it  was  generally  the  case  in  Greal 
■Britaio  that  the  blast-furtiaces  could  not  supply  pig  iron  tm 
enough  to  keep  the  Bessemer  plant  and  rolling-mill  fully  occu- 
pied. That  had  always  been  the  couditioo  in  the  Carnegie  Steel 
Company's  work  a  •  They  never,  up  to  the  present  time,  had 
enough  pig  metal  from  their  own  blast-furnaces  to  keep  their 
Bessemer  and  open*hearth  plant  in  full  swiugj  aud  in  spit«  tj( 
the  fact  that  they  have  been  for  the  last  ten  years  CDntiDUEUj 
build i(jg  blast-furuaces  there  has  not  been  a  single  year  ia  which 
they  did  not  buy  pig  iron  largely.  Not  long  ago  they  thought 
50j000  tons  from  outaide  parties.  What  for  ?  Not  to  pile  up 
and  keep  in  stock,  but  to  use  so  that  their  flnisliing  mills  couLl 
be  kept  going  to  the  fullest  capacity.  What  was  more  surpris- 
ing still,  a  small  output  was  advocated  by  Mr*  While  in  spite  of  I 
Lthe  fact  that  only  a  Uttle  over  two  years  ago  many  thousand 
[tons  of  plates,  billets,  ikc,  were  shipped  to  this  country  from 
lAmeriea  at  a  time  when  all  works  hero  were  employed  to  the  ■ 
utmost  extent,  and  the  consumer  was  liLerally  starving  for  iron 
and  steel  materials.  It  was  further  stated  that  owing  to  the  low 
silicon  in  American  pig  iron  they  %vere  compelled  to  blow  their 
Bessemer  heat  in  nine  minutes.  Why  compelled  ?  That  was 
a  consumnjation  greatly  to  be  desired  by  the  American  steel 
master*  They  were  only  sorry  they  could  not  blow  a  heat  in 
five  minntee*  They  aimed  at  getting  their  pig  iron  low  in 
silicon  so  that  they  could  have  a  short  blow,  and  in  their  quick 
way  of  handling  the  material  they  could  use  pig  iron  with  less 
silicon  tlian  Great  Britain  could*  Mr*  Wiile  was  of  opinion 
that  the  BriLisli  blooming-mills  were  as  good  as  any  of  the  - 
American  bloom! ng-mills^  and  stated  that  twenty  years  ago  in  ■ 
Dow  la  is  they  rolled  4- inch  billets  on  their  blooming- mill.  He 
(Mr.  Garrett)  wandered  why  it  had  been  discon  tinned.  Was  it 
a  failure  ?  It  surely  was  not  a  succeeSj  or  they  would  have  con- 
tinued doing  so  up  to  the  present  time* 

It  was  easy,  Mr.  Carson  had  stated,  for  an  American  to 
use  a  4-inch  billet  for  rolling  wire  rods  because  they  always 
made  the  same  size  of  wire  rod»  Seeing  that  Mr*  Carson  had 
not  been  in  the  United  States  since  1882j  if  he  mistook  not,  he 
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CO  aid  bardlj  blame  him  for  that  erroneous  statemect  Tb^  fact 
was,  that  oq  the  latest  type  of  rod  milia  thej  were  roUing  from 
1-iticb  routid  and  all  sizes  between  down  %q  Na  5  lods^  and  thej 
could  roll  any  weigbt  from  120  lbs,  to  300  lbs.  if  desired*  That 
eould  not  be  done  on  the  rod  mill  in  Warrington  nor  upon  that 
continuous  mill  that  Mr.  Bedsoa  spoke  of.  Mr.  Carson  laid 
great  stress  on  the  labour  troubles*  Was  not  that  an  argument 
In  favour  of  adopting  autoraatic  machinery  to  do  away  with 
labour  ?  That  was  one  of  the  main  reasons  why  the  Americiins 
W€re  fio  far  ahead  in  this  line.  The  high  wages  and  tlte  trouble 
they  had  with  their  men  compelled  them  to  adopt  some  plan 
to  do  away  with  manual  labour,  fiegarding  home  protection,  it 
seemed  to  him  that  there  was  a  tendency,  though  it  was  at- 
tempted to  disguise  it  at  present,  to  appeal  for  protection  as  the 
remedy  for  their  troubles,  but  it  would  not  avail  much  to  any 
nation  which  bad  more  of  an  export  than  an  import  trade. 
They  could  only  obtain  the  trade  of  the  marlceta  of  the  world 
by  delivering  their  material  at  a  less  cost  than  their  competitors. 
n  conclusion,  he  thanked  them  most  cordially  for  the  attention 
and  courtesy  they  had  extended  to  him,  and  if  they  desired  he 
would  be  pleased  to  take  an  opportunity  of  replying  to  any 
points  which  he  might  not  have  heard  that  day. 


^  The  President  said  that,  on  behalf  of  the  Inititutej  he  pro- 
posed a  vote  of  thanks  to  Mr.  Garrett  for  hia  interesting  paper. 
They  were  exceedingly  indebted  to  their  friends  from  over  the 
water,  whether  they  were  competitors  or  not,  when  they  came  to 
give  the  result  of  their  experience.  They  might  differ  from 
them  in  their  opimon  as  they  differed  from  them  sometimes  in 
practice ;  but  the  energy,  the  industry,  the  educationj  and  the 
enlightenment  which  had  develoi^d  the  trade  in  America  had 
been  exceedingly  wonderful.  The  weakest  had  to  go  to  the  wall 
unless  they  were  wakened  up  sometimes ;  but  he  trusted  they 
would  all  take  a  lesson  from  the  details  which  had  been  put 

^■before  them  so  fuUy,  and,  so  far  as  be  could  judge^  so  honestly 
by  the  author  of  the  paper. 

H  The  vote  was  carried  by  acclamation^  and  the  foltowiiig  pa^>er 
was  then  read  : — 
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THE   USE  OF  HYDRAULIC  POWER    IN    THE 
MANUFACTURE  OF  IRON  AND  STEEL. 

Br  R.  M.  DAELEN  (DOesitLDORF), 

Tbe  treatment  of  iron  and  steel,  whether  in  a  cold  or  hat  state^_ 

frequently  involves  the  ?ipplication  of  pressures  of  such  magaU 
tuckj  that  their  trananjisBion  by  any  other  means  than  that 
water  under  high  pressure  is  impracticable.     It  is  therefore 
matter  of  no  surprise  that  the  use  of  high-pressure  water  as 
source  of  motive  power  is  largely  on  the  increase,  while  at 
same  time,  owing  to  the  advance  of  electricity  as  a  direct-actinj 
power  for  driving  auxiliary  machines,  the  employment  of  loi 
hydraulic  pressure  is  being  rapidly  abandoned.     The  limit  be- 
tween low   and  high    pressure  may   be   said    to  lie    at    about 
1400  lbs,  per  square  inchj  but  the  real  advantage  of  the  latter 
begins  only  at  a  innch  higher  point 

There  has  hitherto  been  a  general  tendency  to  keep  hydrauUd 
pressure  comparatively  low,  for  the  sake  of  avoiding  the  diffi^ 
culties  which  are  apt  to  arise  in  designing  the  pumps,  valves 
accumulators,  piping  and  packing ;  cost  of  maintenance   is   als 
a  souTca  of  trouble  when  very  high  pressures  are  used.     On 
these  accounts  chiefly  it  has  been  usual  not  to  exceed  550  to 
700  lbs,   pressure   on   the   sq^uare   inch.     It  will,  however,  he^ 
generally  admitted,  that  if   the   pressure  could  with   safety  biH 
considerably  increased,  certain  advantages  might  be  secnred,  not 
the  least  of  which  would  be  a  reduction  in  the  size  of  cylinder^^ 
and  rams,  fl 

The  following  are  the  three  best  means  of  attaining  a  higher 
pressure : — 


ter 
eS|B 


1,  To  abandon  the  nse  of  pumps  with  many  complicated  valves, 

accumulators,  long  pipe  systems,  and  apparatus  for  the! 
distribution  of  high  pressure* 

2,  To  increase  the  number  of  cylinders  in  the  presses  in  order' 

to  reduce  the  diameter; 

3,  To  substitute  for  the  leather    stuffing-box  some  kind  of 

packing  which  would  cause  less  friction* 


i 
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^L  The  autbor  himself  successfallj  solved  the  b^t  of  these 
Hpioblems  b^  the  iutroductioa  of  the  tnuUlplicator  or  intensifier, 
^^la  saying  thisj  he  does  not  lay  claim  to  have  been  the  first  in- 
ventor, bnt  states  that,  without  any  previous  knowledge  of  the 
appliance,  he  recommended  tlie  practical  use  of  this  principle  to 
Messrs*  Breuer,  Schumacher  &  Co*^  at  Ka!k,  near  Cologne,  and 
in  co-opemtion  with  them  designed  and  perfected  an  intensifier 
which  has  now  been  widely  adopted,  and  is  to-day  acknowledged 
to  be  the  most  suitable  apparatus  for  producing  high-pressure 
water.  Indeed,  it  may  be  reckoned  to  have  secured  a  lasting 
place  among  the  tools  for  metallurgical  work. 

The  first  application  of  it,  about  twenty  years  ago,  was  to  the 
driving  of  a  bloom  shears  (Fig*  1,  Plate  IV.),  The  intensifier 
was  placed  above  the  hydraulic  cylinder,  and  the  piston-rod  of 
the  steam-cylinder  was  arranged  to  enter  directly  into  the  f ormerj 
producing  there  an  increase  in  the  hydraulic  pressure  in  the 
proportion  of  about  1  to  100. 
H  After  thoroughly  studying  a  scheme  for  applying  it  to  shears 
"  tor  cutting  large  ingots,  it  was  found  that,  this  form  of  construc- 
tion would  be  too  high  for  most  of  the  rolling-mill  buildingSj 
which  at  that  time  it  wa^  usual  to  make  very  low.  On  the 
other  hand,  the  double-acting  arrangement  would  use  too  much 
steam.  It  was  therefore  decided  to  adopt  the  arrangement  shown 
in  rig<  2,  Plate  V,,  which  was  successfully  carried  out,  and  has 
since  been  employed  not  only  for  bloom  sheari^,  but  for  numerous 
other  purposes  besides.  The  establishment  of  Breuer,  Schumacher 
&  Co.  has  supplied  in  all  about  270  hydraulic  presses  of  various 

I  kinds  on  this  system,  and  other  firms  have  taken  up  the 
principle  so  far  as  it  appeared  possible  without  infringing  the 
patent. 
The  final  arrangement  of  the  intensifier  proved  to  be  possessed 
of  other  unlooked-for  advantages ;  thus  it  was  found  that  the 
piston,  when  actuated  from  below,  does  not  require  any  special 
power  for  the  back-stroke^  but  nevertheless  it  acquires  a  con- 
siderable  speed  (up  to  seventy  strokes  per  minute) ;  it  became, 
moreover,  possible  to  place  the  intensifier,  which  is  quite  separate, 
at  any  desired  distance  from  the  press,  an  arrangement  which  is 
sometimes  extremely  convenient  for  local  reasons.  Another  un- 
expected advantage  was  manifested  in  the  immediate  stopping  of  i 
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the  piston  the  moment  that  the  entering  steam  is  cut  off,  which 
cannot  be  so  easily  effected  if  the  piston  is  made  to  work  in  the 
reverse  direction,  owing  to  the  necessity  of  having  to  counter- 
balance the  effect  of  gravity  each  time* 

Undoubtedly  the  best  field  for  the  application  of  high-pressure 
water  is  aflbrded  by  the  forging  press,  some  of  which  have 
already  been  built  capable  of  exerting  a  pressure  of  15,000  tons, 
and  as  there  is  every  probabtiity  of  a  further  advance  In  this 
direction,  it  would  not  be  out  of  place  to  examine  for  a  mouient 
the  mechanism  of  a  forging  press,  and  the  conditions  which  aie 
required  to  be  fulfilled.  The  resistance  presented  by  the  object 
to  be  forged  varies  very  much  according  to  its  cross- section  and 
temperature.  For  instance,  a  soft  and  very  hot  steel  may  re- 
quire a  pressure  of  2500  lbs.  per  square  inch,  while  for  a  hard 
steel,  at  the  lowest  forging  temperature,  a  pressure  of  about 
14,000  lbs,  becomes  necessary.  Taking  also  into  account  the  I 
different  cross-sections  of  forgings,  the  working  pressure  of  a 
forging  press  may  vary  in  the  proportion  of  one  to  ten,  and 
even  morCi 

When  the  press  was  first  introduced  on  a  large  scale  for 
forging  heavy  steel  ingots,  about  twelve  years  ago,  the  double- 
acting  steam-pump  was  considered  to  be  the  most  ecoDotnical 
apparatus  for  producing  high  pressure,  and  the  accumulator 
was  so  arranged  as  to  allow  two  or  three  degrees  of  pi-essure  — 
to  be  exerted ;  for  instance,  2800,  4200,  5600  lbs.  per  square  I 
inch.  This  involves  a  very  large  initial  outlay  on  the 
plant,  and  the  economy  which  theoretically  should  be  realised 
can  only  be  effected  if  the  attendant  is  always  on  the  watch  to 
a4just  the  pressure  exactly  to  suit  the  resistance ;  as  a  rule, 
however,  he  seldom  takes  the  trouble,  and  the  machine  works 
most  of  the  time  at  the  full  pressure.     Against  the  IntensiEer 

»it  was  always  urged  that  the   consumption  of  steam  was  much 
greater  than   with  the  steaui-puinp,  on  account  of  the   whole 
space  beueath  the  piston  being  filled  at  each  stroke  with  stea.m 
B        at  the  full  boiler  pressure,  while  the  resistance  to  be  overcome 

■  varied  greatly* 

The  factj  already  alluded  to^  that  the  piston  always  immedt- 
H        ately  stops  when  steam  is  cut  off,  clearly  proves  that  the  ex- 

■  panaive  power  of   the  steam    in    the   cy Under  always    exactly 
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iiiimiwwiii-  oi  onlj  21^  Vb^  per  sqiiafe  inch  was  ti^cessaiy, 
ftfid  litet  is  worn  gradoaUjr  to  M  lh&  The  full  boiler  pressure 
was  mij  iteqidzod  wbea  the  ii^qt  oasie  lo  lie  with  its  whold 
lei^gtli  vpon  tte  sutiI  (we  N0.  S),  covenng  the  latU'T  entirely* 
This  shows  dearij  thai  the  intensifier  is  the  laost  ecoaoniicil 
appltaDoe  for  potting  an  extremely  high  pveiiQfa  on  w«jttr«  In 
faet^  it  cannot  be  otherwise^  siiiee  an  j  surplns  pressum  itntler  the 
piston  aooeleiales  the  latter,  causing  expansion  to  take  place  in 
the  ejlinder^  and  therobj  teducicg  the  steam  pf^BSStin\  wbilo  tha 
further  entrance  of  steam  is  checked  by  the  |iiston  valve  for 
distil  bating  the  steam  whicJi  is  iiniier  the  control  of  the  attendanU 
It  should  be  particularly  note^i  th^t  the  lifting  and  lowering 
of  the  ram  of  the  press  is  effected  by  low-pressure  water,  ao 
that  the  press  cylinder  always  remains  filled  up  with  water,  and 
the  high  pressure  is  only  brought  to  bear  the  motuent  tlu>  head 
touches  the  piece  to  be  forged. 

The  doubt  was  also  formerly  expressed,  witeiher  the  simed  of 
press  ram  under  these  circumstances  would  l»e  sufficient  for 
forging;  but  this  fear,  too,  is  entirely  without  foiindatioi^  since 
the  largest  presses  are  capable  of  delivering  20  fuil  strokes  per 
minute,  which  means  a  speed  of  10  feet  6  inchea  |^H>r  minute. 
As  regards  light  strokes  for  finishing  tlie  surface  of  a  forj*iug, 
it  is  possible  to  make  40  to  70  per  minute*  Such  great  diversity 
is  shown  in  the  application  of  the  hyilraulic  principle  to  the 
forging  press,  that  it  may  be  of  Intarast  to  discuss  some  of  the 
more  prominent  types,  both  of  those  actually  built  and  of  some 
which  are  not  yet  complete,  but  in  all  cases  the  employiuont  of 
■  the  in  ten  si  Her  is  shown  to  be  most  advantagt^oiis.  One  of  the 
smallest  examples  at  work  is  used  for  squeezing  puddled  blooms. 
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working  at  from  150  to  250  tons  (Fig,  4,  Plate  VII.),  With 
regard  to  this,  it  was  at  first  generally  tliought  that  the  press 
could  not  satisfactorily  replace  the  steam-hammer,  but  experience 
has  proved  the  contrary,  namely,  that  the  pressed  blooms  show 
less  waste  and  a  better  quality  of  iron  than  those  for^etl 
under  the  hammer.  As  a  result  of  these,  eight  presses  have  m 
been  built  and  put  to  work  in  the  last  few  years.  The  next  I 
size  is  a  press  of  500  tons,  which  is  used  to  forge  rings,  of  which 
tyres  are  made,  waggon-axles,  &a  Then  follows  one  of  800  tons, 
which  is  already  powerful  enough  to  forge  slabs  of  about  36 
inches  square;  the  si^es  theu  increase  to  1200  tons,  1500  t*ms, 
2000  tons,  and  so  on,  up  to  15,000  tons  (Fig.  5,  Plate  VIL). 

In  designing  different  forguig  press  installations,  it  was  found 
that  great  inconvenience  resulted  from  having  the  intensifier 
connected  to  the  press  cylinder  by  means  of  piping.  The  opera- 
tions of  the  crane  were  interfered  with^  and  more  than  this,  the 
vibration  which  nmst  occur  in  forging  presses  caused  the  pipe  to 
leak  at  the  joints.  The  steam-cylinder  was,  therefore,  at  the 
author's  suggestion,  placed  below  in  the  foundation,  and  the  small 
hydraulic  cylinder  was  fixed  on  the  cylinder  of  the  press.  This  ■ 
arrangement  gives  a  press  free  from  obstacles  on  all  sides,  and  the 
vibration  does  not  affect  the  pipe  connections  (Fig.  6,  Plate  IV.), 
In  such  cases  where  the  local  conditions  do  not  permit  of  placing 
the  steam -cylinder  underground,  an  arrangement  of  tbe  intensi- 
fier  is  adopted,  with  the  hydraulic  cylinder  placed  on  the  ground. 
This  allows  the  water  under  pressure  to  be  led  through  the 
hollow  colnmnsj  so  that  the  effect  of  the  vibration  is  obviated. 

A  further  advantage  of  these  arrangements  is  that  the  building 
for  such  an  installation  is  much  cheaper  than  for  presses  with  ■ 
steam  or  water  cylinders  placed  above,  by  reason  of  its  being  10- 
or  1 5  feet  lower,  and  also  shorter,  because  the  furnaces  can  be  built 
on  both  sides  (Fig,  7,  Plate  IV.)*  Attention  is  particularly 
directed  to  the  heating  furnaces  with  the  boilers  placed  on  the 
top.  These  furnaces  have,  for  a  long  time  past,  given  very  good 
results,  and  have  recently  been  adopted  for  several  new  press 
forges,  on  account  of  their  cheap  construction  and  econoray. 
The  furnaces  are  so  constructed  as  to  allow  the  short  ingots  to 
be  laid  crosswise  to  the  length  of  the  building,  while  the  long 
ingots  are  placed  parallel  with  the  length  of  the  buildings  thas 
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utilisiiig  all  aTailable  space,  and  allowing  plenty  of  rfx>m  for  the 
work  of  foTgiDg ;  the  traverse  of  the  crane  between  the  furnaces 
and  press  is  also  much  shortened. 

For  the  ^rst  heatiug  up  of  large  ingots  the  annealing  furnace 
is  employed,  siDCe  the  fumaces  situated  within  the  range  of  the 
forge  crane  cannot  well  be  used  for  this  purpose,  on  aeoount  of 
having  to  keep  the  forging  press  going  to  its  utmost  capacity. 
The  annealing  furnace  is  specially  provided  with  its  own  crane, 
and  id  similar  in  design  to  a  coal- fired  soaking  pit  It  can  be 
of  any  length,  and  by  having  several  fire-grates  arraiiged  along 
the  side  it  can  be  wholly  or  partially  heated  as  required. 

The  arrangement  shown  tn  Fig,  6,  Plate  IV.,  illustrates  the 
manner  in  which  several  rams  and  cylinders  may  he  applied  to  a 
big  foiging  press  without  increasing  the  weight  or  cost  of  con- 
struction. 

Low-pressure  water  can  be  usedj  equally  as  well  as  steam, 
for  actuating  the  intensifien  The  question  of  finding  a  more 
suitable  material  for  packing  still  demands  attention,  and  no 
effort  13  being  spared  to  find  a  satisfactory  substitute  for  the 
leather  rings,  which  cause  much  wear  in  the  cylinders  and 
rams*  The  experiment  of  putting  a  metal  ring  round  the 
leather  packing  has  been  tried,  but  without  complete  success, 
owing  to  the  impossibility  of  lubricating  surfaces  which  are 
eicposed  to  such  excessively  high  pressure.  One  idea  which  has 
suggested  itself  to  the  author  is  to  dispense  with  the  leather 
packing,  and  to  place  inside  the  cylinder  an  india-rubber 
envelope  or  bag,  into  which  the  water  under  pressure  would 
flow.  There  would  be  no  more  friction  of  moving  parts,  but 
only  a  peeling  off  of  the  india-rubber  from  the  walls  of  the 
cylinder.  Figs,  Kos-  8,  9,  and  10  (Plate  VIII.)  show  various 
ways  in  which  this  might  possibly  be  carried  out,  and  experi- 
ments are  now  in  progress^  the  results  of  which  will  be  com- 
municated later. 
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^^  DISCUSSION  ^ 

Mr,  A,  T.  TANNrrr- Walker,  Member  of  Council,  said  that  lie 

disagreed  with  the  author  in   his  statement  that,  oii  account  of 

the  advance   of  electricity  as  a  direct  acting  power   for  driving 

auxiliary   machines^  the  employment  of  hydraulic  pressure  was 

being  rapidly  abandoned.      If  Mr.  Daelen  would  call   upon  Mr. 

Ellington,  or    any   one    connected  with    the   London    Hydraulic 

Power  Co.,  he  would  find  something  like  a  hundred  miles  of  mains 

and  millions  of  gallons  of  water,  at  a  pressure  of  fifty  atmospheres 

per  square  inch,  were  being  delivered  every  day,  and  at  less  cost 

tljan  was  possible  by  any  other  power.     By  experiment  it  had 

been  found  that  its  cost  was  only  a  little  over  4d,  per    1000 

gallons.     Therefore  there  was  no  fear  of  hydraulics  going  to  the 

wall,  although  electricity  was  making  rapid  strides,      Mn  Daelen 

had  brought  before  the  Institute   the  intensifier  in  couneetion 

with  the  Breuer- Schumacher  press,  with  which  Ids  nanae  had 

been  very  protninently  associated,  and  he  stated  that  he  had  him-d 

self  successfully  solved  the  problem  of  doing  away  with  pumfS 

by  the  introduction  of  raultipjicators,  but  he  did  not  lay  claim  to 

being  the  inventor.    As  a  matter  of  fact,  the  intensifler  had  beenH 

first  set  to  work  in  connection  with  a  hydraulic  press  by  the  late 

Benjamin  Walker,  his  fatlier.  in  the  works  of  Tannett.  Walker, 

&  Co*  in  1869,     He  had  a  tracing  of  the  intensifier  designed 

in  the  year  1866  by  Mr.  Benjamin  Walker,  but  he  was  quite 

ready  to  admit  that  Mn  Daelen  might   have  introduced  some 

improvements.     Tlie  author  had  not  given  them  any  idea  as  tn 

how  the  valve  was  made,  and  that  was  the  life  and  soul  and  tha^ 

lungs  of  the  whole  business ;  nor  had  he  given  information  as  taV 

how  he  was  able  to  make  the  press  work  up  and  down   so  as 

to  get  the  number  of  strokes  mentioned — seventy  per  minute. 

In  spite  of  what  Mn  Dvielen  had  said,  he  was  still  absolutely 

against  the  intenaifier,  which  was  really  a  flywheeWess  pump* 

He  was  still  of  opinion  that  the  compound  or  triple  expaiision 

engine,  with  condensation,  was  more  economical,  whatever  pressnre 

was  required,  than  was  the  intensifier  which  Mr.  Daelen  had 

L  deficribed.     He  could  not  imagine  how  the  author  by  means  of 
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ft  simple  GTltiider  band-worked,  it  wmild  seeiiip  oould  produce 
requisile  Tolume  of  pressure   wster  and  consequiut   hoi9e» 
power. 


I     ft  s 


Mr.  Eekcst  F.  L4XG1  (Manclies^r)  said  thai  Uie  bat  remiduiiig 
advocates  of  the  steam-hammer  had  for  the  past  five  years  gtven 
way  and  admitted  that  fqr  lorgtug  work  there  was  nothing  80 
ecoooinical  as  was  the  hydraulic  press,  yet  those  who  had  had 
experience  of  steam-hammers  would  admit  that  at  eertaiti  times 
they  did  very  economical  work.  When  the  hammer  was  once 
warm  to  its  work  and  operated  by  an  expert  forge-man,  one 
conld  observe,  Ly  the  way  in  which  he  was  doing  hia  work} 
and  also  by  tests,  that  for  a  portion  of  its  time  the  steam- 
hammer  was  working  very  economieaUy,  One  con  hi  get  esiic&l^ 
lent  diagrams  and  work  results  to  show  that.  Yet  every  one 
-^  knew  that  the  steam-hammer,  taken  on  the  whole,  was  wastsfnl 
■  in  steam.  There  was  the  one  question  alone  of  condensation  in 
the  large  cylinders,  and  all  those  who  had  to  do  with  steam* 
hammers  knew  what  a  great  loss  that  represented,  and  the 
same  arguments  would  apply  to  the  steam-driven  inteiiaitier, 
which  could  be  compared  to  the  cylinder  of  a  stBam-lmmmcr, 
He  bad  tried  hard  to  understand  on  what  ground  Mr.  Diiolen 
claimed  it  to  be  abaolutely  proved  that  his  method  of  producing 
high  pressure  was  the  cheapest.  But  many  members  wuuld 
require  a  great  deal  more  than  the  results  of  an  indicator  trial 
before  they  would  agree  with  the  large  claim  which  liad  been 

I  made  for  the  press  witli  regard  to  economy  in  working. 
Sir  Edward  Hamer  Cakbutt,  Bart,  Member  of  Council,  said ' 
he  had  not  intended  to  intervene  in  the  discussion,  but  as  the 
question  of  how  long  ago  it  was  since  the  machine  was  invented 
had  arisen,  he  would  like  to  say  that  forty- five  years  ago  the 
application  of  a  big  steam-cylinder  working  a  small  hydraulic 
rara  was  used  for  a  foundry  lift  in  Derby.  He  was  serving  his 
time  in  the  Midland  Kail  way  shops  at  that  time^  and  that  big 
^■-iteam-cylinder  with  tlie  small  hydraulic  ram  was  put  up  to  work 
^*iE  the  foundry  lift.  It  would  be  seen  that  it  was  a  long  time 
ago.  In  reference  to  what  Mr,  Tan net^ Walker  Iiad  sitid,  Hir 
Joseph  Whitworth*s  attention  had  been  directed  to  the  hydraulic 
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press,  because  baring  at  work  a  steam-haTiitner  in  tbe  njiddle 
rOf  the  big  city  of  MancheBter,  Its  vibration  interfered  with  thft| 
LtistTuctioii  of  the  school  children  quite  close  to  his  worka,  asda 
although   he  weQt  to  a   large   expense   to  Isolate    the   steam* 
hammer,  he  could  not  succeed  in  stopping  the  noise.      In  the 
e«d  he  set  to  work  to  make  the  press  which  was  afterwards  cob- 
luected  with  his  name*     Sir  Joseph  Whitworth  and  the  late  Mr. 
Benjamin  Walker  had   done  a  great  deal  to  jierfect  the  press 
whitih  was  at  work  in  this  countrj  and  in  several  other  works 
abroad*      He  could   not  help  feeling  that  Mn  Tantiett* Walker 
[  might   be    riglit  that  there  would    be  some  difficulty    for  one 
Bteam-cylinder  and  one  ram   to  get  up  suddenly    the    pressupe 
requisite  for  5000  or  6000  tons.     Of  course,  if  one  had  several 
of  those  intensifiers   and   several  boilers,  it  might  be   done,  butd 
it  would  be  done  at  greater  expenditure  of  steam*     He  agreedl 
with  Mr.  Tannett- Walker  tliat  if  he  were  going  to  put  a  planfi] 
down,  he  should  put  a  pumping-engine  which  could  be  working 
when  the  machine  was  not  at  work,  and  gradually  acciimulating^ 
water  pressure   into  the  acciimulaton      He  thought  that  that 
would    be    cheaper    than    the    proposal    of    Mr    Daelen-       lli^jH 
members  were  all  very  much  obliged  to  Mr.  Daelen  for  bringing-" 
hia  paper  before  them,  because  it  was  Tcry  iuteresting   to  find 
how  other  minds   worked.      They   might  find   reason   to    alt 
their  views,  but  at  present  he  should  back  up  the  experience  of 
Mr.  Tannett- Walker,  which   was  so  great,  in  reference   to   th« 
ordinary  press  witli  pumps   being  preferable   to   Mr.   Daelen'al 
proposal. 


utM 
edi 
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Mr.  Samu£L  Li^yd  said  tbat  as  to  tlie  question  when  the 

plan  was  first  adopted,  he  might  mention  that  when  a  partner  in 
ironworks  at  Wed nes bury  he  took  out  a  patent  for  cutting  up 
large  pieces  of  steel  and  iron  by  hydraulic  pressure,  been  us© 
their  ordinary  shears  were  apt  to  get  broken ;  but  he  found  Mr, 
Charles  May^  a  member  of  the  Institution  of  Civil  Engineers, 
had  taken  out  a  patent  before  him*  Mr.  Eastwood  also  took 
out  a  patent,  and  joined  him  (Mr,  Lloyd).  Going  back  to  the 
time  of  Mr.  Charles  May*3  patent  was  going  back  to  about  1850, 
that  it  was  very  ancient  history  to  trace  the  first  inventor  of 
the  thing. 
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Mr.  TjuVKKit-Waleee  said  they  could  go  back  to  Bmmah  for 
\ie  inveutioQ  of  tlie  intensi^er,  but  it  was  the  appltcatioti  and 
mode  of  doing  it  which  were  in  question. 


Mr,  R/M,  Daelek,  iti  reply,  said  that  Mr,  Tannett-^Waiker 
bad  spoken  about  the  low-pressure  water.     He  thought  it  was 
'we!!  known  that  for  cranes  and  auxiliaty  machines  in  rollirife- 

miJls  and  steelworks  it  is  not  convenient  to  have  two  powers^ — 
electricity  and  hydraulic  power.  As  in  most  cases  at  the 
present  time  electricity  is  applied  in  those  establishments,  it  is 
preferable  to  have  only  this  power  for  auxiliary  purposes,  aud 
therefore  in  inauy  cases  low-pressure  water  was  abaudotied.  As 
regards  the  invention  of  tije  steam  intensifier  touched  on  by  Mr, 
Tan nett- Walker  and  Mr.  Lloyd,  he  had  already  stated  in  his 
paper  that  he  did  not  claim  to  be  the  inventor*  However,  he 
thought  that  Messrs,  Breuer  and  Schumacher  aud  himself  were 
the  people  who  introduced  the  iutensifier  into  practice.  It  very 
often  happened  that  there  was  a  good  idea  proposed  which  was 
not  taken  up,  and  was  not  iu  trod  need  into  practice,  because  at 
first  it  was  not  successfully  executed.  They  had  introihice<i  it 
on  a  large  scale,  and  the  best  proof  was  that  Messrs.  Breuer, 
Schumacher,  &  Co*  had  executed  up  to  the  present  time  270 
different  presses, 

I  Continuing,  he  said  that  Mr*  Tanuett-Walker  was  doubtful 
even  if  the  effect  could  be  obtained  by  the  intensifler  for  a  very 
big  press.  He  could  say  that  it  had  already  been  successfully 
applied  to  forging  presses  np  to  10,000  tons.  There  was  one 
working  in  St,  Petersburg  and  another  work  in  gj  at  Dilliugen  in 
Prussia,  and  they  both  worked  very  well,  Tliere  was  nothing 
to  hinder  its  application  for  a  larger  press  up  to  15,000  or 
20,000  tons,  though  it  would  be  necessary  then  to  use  several 
intensifiers  for  one  press.  He  had  to  remark  tliat  the  pressure 
pas  only  given  at  the  moment  that  the  head  touched  the  ingot, 
and  then  the  quantity  of  high -pressure  water  needed  only  to  be 
calculated  for  a  single  stroke  of  the  intensifier  ram^  M^hich  was  in 
the  ease  of  small  forging  presses  about  4  inchesj  aud  for  very 
big  presses  up  to  8  or  10  inches.  The  pressure  of  steam  should 
be  as  high  as  possible,  so  as  not  to  have  too  large  a  steam- 
cylinder.     Then  there  was  no  difficulty  in  that  respect     As  to 
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the  number  of  strokea,  tbat  large  inteusifier  did  not  go  up  ta  I 
70  strokes  for  the  whole  time,  but  only  for  very  small  strokes.  | 
What  he  had  stated  with  regard  to  packing  was  only  a  pro- ' 
posal  of  his,  but  ha  did  not  doubt  that  it  would  be  succesBiul 
He  had  oaly  tried  it  on  a  small  scale  as  yet,  but  on  a  fotiir^  J 
occasion  he  hoped  to  be  able  to  refer  to  some  success*     Witk  1 

l^ard  to  what  Mr.  Tannett- Walker  had  said  as  to  the  pislon-foi  I 
that  never  occurred  iu  conneetiou  with  the  small  cyllDder*  They 
always  Look  care  to  have  the  piston-rod  long  enough  so  that  the 
hot  part  did  not  go  into  the  water,  and  therefore  they  had  not 
much  trouble  with  the  packing.  In  respect  to  what  Mr.  Lanye 
had  said  in  comparing  the  steam-hammer  with  the  press,  he 
thought  that  it  was  a  well-known  fact  tbat  the  press  possessed 

I  more  than  double  the  effect  of  the  steam -hammer.     There  might 

'  be  some  cases  where  the  steam-ham  in  er  would  do  good  w*ork,  but 
in  the  case  of  forging  very  heavy  ingots  the  steam-hammer  bad 
been  abandoned  altogether*  As  to  tVie  diagrams,  their  object  was 
not  to  compare  the  effect  of  the  steam-hammer  with  the  press. 
They  were  only  prepared  to  show  that  the  pressure  of  the  steam 
under  the  piston  of  the  intensi^er  was  always  in  proportion  to 
the  resistance  which  the  ram  of  the  press  had  to  overcome  when 

r  forging  the  ingot.  Tiiat  was  the  only  purpose  for  which  he  had 
prepared  those  diagrams.  He  had  referred  generaHy  to  th 
capacity  of  the  intensifier,  and  not  especially  to  that  of  forgiu] 
presses.  Sir  Edward  Carbutt  had  stated  that  he  doubted  whether^ 
the  intensitier  worked  as  econoinically  as  a  steam-pump.  He 
thought  that  was  clearly  proved  by  the  diagrams.  A  steam* 
pump  generally  required  an  accumulator,  or  it  must  be   directly 

^  connected  with  the  big  cylinder  of  the  press.  There  were,  how- 
ever, several  valves  between  the  pump  and  the  cy Under,  which 
are  the  principal  reasons  for  its  being  untried.  The  quantity  of 
high-pressure  water  was  not  in  proportion  to  the  amount,  because 
as  soon  as  there  was  a  little  wear  the  water  went  back  into  the 
pumping  cylinder.  In  using  the  steam  intensifier  all  the  water 
produced  by  the  steam  must  also  go  into  the  high -pressure 
cylinder,  and  ai  distribution  valves  were  fitted  to  the  steam* 
cylinder  only^  and  not  to  the  ram  cylinder,  there  was  no  soured- 
of  waste*  It  was  a  well -known  fact  that  a  steam  distTibutiug 
apparatus  could  very  well  be  maintained  tight^  giving  no  loss. 


kU 

•I 
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rhereas  a  dLStribation  apparatus  placed  m   UiG  liigh^preiaim 
rater  was  always  a  frequent  source  ot  trouble. 

The  pREsmsNT  said  he  was  sure  they  all  felt  they  owed  a 
rote  of  thanks  to  Mr,  Baelen  for  his  mterestiug  paper^  and  for 
be  clear  exposition  of  bis  views  upon  the  matter, 

ITie  vote  was  carried  by  acclamation j  and  the  following  pftptf  j 
Iwas  read : — 
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THE  ECONOMICAL  SIGXIFICAXCE  OF  HIGH  SILICOS 
IN  riG  IKON  FOB  THE  ACID  STEEL  PROCESSES. 

Bt  AXEL  SAHLCC.  lliixox.  Cuxberlakd. 

We  read  and  hear  continually  in  this  year  1901  about  American 
competition  and  its  dangers  to  the  British  iron  industry.  The 
English  papers  bewail  the  superior  natural  resources  of  the 
United  States,  the  lack  of  technical  education  at  home,  the 
tyranny  of  the  labour  unions,  and  a  number  of  other  disqualifi- 
cations under  which  the  British  industry  is  suffering,  or  supposed 
to  suffer.  Having  spent  the  best  part  of  my  active  life  as  an 
iron  and  steel  works  engineer  in  the  United  States  during  the 
period  of  revolutionary  growth  of  the  iron  industry  in  that 
country,  and  the  balance  in  England  and  on  the  Continent, 
I  feel  prompted  to  call  attention  to  a  prevailing  local  require- 
ment, which  is  doing  much  to  hamper  progress  in  a  certain 
branch  of  the  British  iron  industry.  I  refer  to  the  demand  of 
high  silicon  in  pig  iron  for  the  acid  steel  processes. 

Being  connected  with  one  of  the  larger,  if  not  tlie  largest, 
independent  producers  of  haematite  iron,  or — as  the  Americans 
would  describe  them — "  merchant  furnaces,"  I  have  investigated 
our  sales  books  for  the  last  two  years,  and  find  that  the  majority 
of  our  customers,  many  of  them  Siemens  open-hearth  steel- 
makers, specify  over  2  per  cent,  of  silicon  in  the  iron  they 
buy  from  us,  while  a  few  insist  on  not  less  than  2-5  per  cent 

Iron  of  this  composition  is  never  intentionally  produced  for 
the  American  steelworks,  and  the  large  and  effective  American 
furnaces,  about  which  we  read  and  hear  so  much,  could  not 
economically  produce  it,  if  it  were  wanted.  Just  as  little  could 
some  of  the  old-fashioned  British  furnaces,  with  their  weak  blast 
and  small  hearth,  running  on  siliceous  mixtures  of  native  or 
Spanish  haematites,  produce  the  iron  which  our  American  com- 
petitors are  so  successfully  turning  into  steel. 

It  would  be  interesting  to  learn  the  reason  for  this  preference 
for  high  silicon  pig  iron  amongst   many  of   those  steelmakers 


Tmt  4CII> 
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bo  fg^tmt  tbesr  mm  hj  poxduae  in  the  ofmk  uutfktl  t  hftw 
low  befoce  me  letters  frQm  womrn  fimis,  wlio  sttU^  thai  Xhmt 
lamUty  snffecs  if  llie  «iliooB  in  %he  iroii  is  Idiraral^  0|Imi% 
ith  whom  I  bave  dtseuand  tliQ  m«ltcr»  ttsiiiit  mt  thtl  Ibigr ' 
iTe  no  objeetaoit  Id  iiqii  lower  in  ailinoii;  but  when  tfao  nmxl 
brder  from  these  same  firms  rsftchas  uSi  it  stiU  contiHis  Ili« 
imitatioii — *"  ^con  from  2' 2  5  to  2^75  per  oeo^** 

Manj  old-fashioned  furnaces  make  iron  m  requirfnl  without 
efibrty  and  would,  in  fact^  find  it  difficult  to  reduce  thii  tUiooil 
without  at  the  same  time  runuing  up  the  sulphur.  ThotrttorObt 
the  steelmakers  have  perhaps  nerer  fully  realised  what  the 
'-  2*5  silicon '"  signifies  to  the  blast-fumaoe  operator ;  nor  haYtt 
they  realised  how  their  demand  it  crippling  progress  iu  iron- 
making  on  American  lineg, 

I 


^ 


(1)  As  the  fuel  is  increased. 

(2)  As  the  Bize  of  the  hearth  is  reduced, 

(3)  As  siliceous  ores  are  employed — thai  if,  oral  which 
require  large  additions  of  hasic  (lux. 

These  same  conditions  also  contribute  effiictivoly  to  retard  thi^ 
working  and  reduce  the  output  of  the  blast-furnace. 

A  year  ago  it  was  decided  by  the  Directors  of  the  Company 
with  which  I  am  identified  to  construct  a  new  blast- riiruiicci  an  tht* 

k north-west  coast.  I  was  fairly  familiar  with  the  art  m  {irnctiAed 
in  America,  but  the  question  which  had  to  \m  mlilM  wnn,  how 
far  were  American  conditions  applicable  on  tlie  north- went 
coast  of  England  ?  It  was  found  that  the  materiaU  which  we 
had  to  employ  were  better  than  those  uied  in  a  great  numl^r 
of  the  American  furnaces.  The  ores  were  lumpy  and  generany 
fairly  dry;  they  contained  sufficient  lluxing  confltituents^  and 
yielded  a  mixture  varying  from  51  lo  55  per  cent*  of  iron. 
The  coke  was,  as  long  as  exorbitant  prices  did  cot  make  the 
coke  people  careless,  as  good  as^  or  better  than,  the  average 
American  coka  The  limestone  was  pure  and  uniform*  All 
conditiona  seemed  to  be  there  to  waitant  the  bnilding  of  a  Iarg« 
and  elective  furnace  soeh  as  thoee  tued  in  America*  until  I 
submitted  to  onr  salea  department  the  question  of  silicon. 

ff%  mt  a  Imigie  output,  say  from  400  to  460  tons  per  d 
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a  hearth  diameter  of  14  feet  would  be  required.  This  would,  y 
felt  certain,  briog  the  silioon  in  the  iroa  down  to  about  1*50  lu 
1'20.  Would  they  h%  williug  to  market  this  iroa  ?  I  was  mfltJ 
with  aa  etiergetic  Kol  and  referred  to  the   above-meudoiiett 

a  pec  iti  cations  in  our  sales  books.  Mj  suggestion  that  tb 
steelmakers  might  be  reasoned  with  on  this  point  was  m^ 
with  the  in  formation,  that  as  high  silicon  often  was  speeiSe^ 
and  as  our  competitors  were  ready  and  willing  always  to  fumiA 
it  (they  could,  perhaps,  not  help  doing  so  with  such  planum 
tliey  hadX  we  were  compelled  to  do  tlie  same.  ^H 

Good-bye,  therefore,  to  all  dreams  of  a  fully  effective  hISB 
furnace  and  of  a  modern  output.  We  were  restricted  to  m 
cotDpromise,  ouly  to  make  a  weak  attempt  to  approach  wham 
was  being  done  in  the  United  States,  I 

To  learn  how  far  we  dared  go  in  reaching  for  capacity,  t 
made  a  special  trip  to  America,  went  over  the  old  familiar 
ground  and  consulted  good  friends,  some  of  whom  I  found 
grumbling  because  they  could  not  turo  out  500  tons  of  iron 
per  day  per  furnace.  I  described  to  them  our  raw  material, 
and  got  the  encouraging  verdict,  "  You  ought  to  do  well !  **  but 
when  I  mentioned  the  2^5  per  cent,  of  silicon,  their  expressioas 
changed.  The  first  question  came :  "  What  do  you  waat  it 
for  ? "  To  whicli  my  only  rejoinder  was :  "  Our  customers 
specif  it/*  Next  came  the  advice :  "  Don't  you  make  your 
hearth  too  large,  or  you  won't  make  that  iron."  The  result  of 
careful  canvassing  and  investittation  was  the  estabUshnient  of 
the  necessity  to  reduce  the  hearth  diameter  to  11  feet ;  and  on  ftpr^ 
II  feet  hearth  no  great  product  can  be  expected,  H 

I  also  found  that,  all  over  the  Continent  of  America,  no  such 
iron  as  we  in  England  are  forced  to  sell  as  Bessemer  iron  was 
regularly  made.  The  nearest  approach  to  it  is  the  No.  1  foundry 
iron  mostly  produced  by  the  Southern  furnaces.  While^  there- 
fore, the  American  furnaces  producing  steel  iron  reach  outputs 
of  400,  500j  600,  or  even,  occasionally,  700  tons  per  day,  there 
is  to-day  no  furnace  in  the  world  worked  to  put  2|  per  cental 
silicon  into  the  iron  that  reaches  an  average  output  of  250  tous^ 
per  day,  and  only  few  that  top  200  tons. 

It  must  be  admitted  that,  with  American  steel  made  from  low 
silicon  iron  pouring  into  markets  which  Great  Britain  ao  long  baa 


FIG  HOB  POK  THK  AdD  STEKL 


161 


called  beiBp  tiiis  lestiiGtioii  imposed  on  tlia  iromiiakei'  it  tny- 
thiiig  bat  eoooonging* 
,  Bat  nol  eoaieot  with  reducing  tlie  otitptal,  whicli  setida  up  cmt 

Bitf  labour,  refiftiis,  ixiteiest^  aod  general  ex{H*use,  llie  high  ailiciui 
Hwi  only  be  obuioed  by  a  sacrifice  of  fud.  Pmcti^l/i  I  havt 
^f  {ound  tbftt^  with  such  materials  and  such  furutc^a  as  we  now  em^ 
ploy  on  the  north-west  miast,  the  ramug  ot  silioou  rrom  ait  avifigi 
of  1*75  to  2  23  calls  for  aa  increased  coke  consumptioii  of  about 
4  per  cent.  Besides,  certain  ores,  rich  iii  b^i^es^  have  to  W»  uned 
only  in  carefully  limited  quantities.  The  siliceous  oree,  which 
are  preferable  for  this  class  of  iron^  require  flux,  mid  more  lime- 
stone is  the  consequence. 

SacriBce  of  output,  coke  and  lituestoiiei  and  limitation  in  the 
selection  of  ore,  is»  therefore,  the  price  which  those  of  the  Wast- 
furnace  people  who  stand  prepared  to  go  aheml  must  {mj  to 
meet  the  requirements  of  a  considerable  part  of  their  cuBtomura. 

So  far  from  the  standpoint  of  the  would'lte  progressive  iron 
maaufacturer 
H  Now,  to  take  the  side  of  the  steelmaker,  the  writer  of  those 
specifications.  Does  he  derive  any  nommenaurato  benefit  by 
insisting  on  them  7  Is  he  not  rather  standing  in  liis  own  liglit  t 
And  as  to  the  increased  cost  of  the  iron,  who  is  to  pay  for  it  ? 
In  some  cases,  it  is  true,  the  bard  pushed  blast- furnace  owner, 
who  may  stand  ready  to  give  up  even  the  last  penny  of  proUt 
rather  than  face  a  shut-down  and  disorganisation  |  more  ofti^n  tlie 
steelmaker  himself  and  his  customers.     But  in  either  case,  in 

•the  last  instance,  the  British  industry  and  the  country  at  lar^^e* 
In  trying  further  to  answer  this  question,  it  will  be  necessary 
to  consider  separately  the  Bessemer  and  the  open -hearth  pro* 
cesses, 
■  In  the  Bessemer  process,  we  know  that  almost  the  whole  of 
the  heat  required  for  the  conversion  raust  come  from  the  combus- 
tion of  silicon  contained  in  the  iron.  The  greater  the  excesi  of 
silicon,  the  hotter  the  chart^e,  the  longer  the  blow  (that  is^  tlie 
slower  the  process),  the  greater  the  losip  the  more  expensive  the 
repairs  and  maintenance  of  plant,  and,  above  a  certain  point,  the 
poorer  the  quality.  On  the  other  hand,  too  low  silicon  atapchi 
for  cold  beats,  heavy  skulh,  and  generally  bar]  wnrkitif^,      0 

I  modern  American  practice  to-day  ^s  to  run  the  Silicon  tti  the 
I     190L— L  L 
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at  from  1  *30  to  1  '20  per  cent  I  liavct  however,  frequently 
lieats  successfully  blown  with  less  than  1  per  cent.,  and  even  li 
little  as  O'BO  per  cent,  of  silicon.  So  low  a  percentage  I  do  mi^ 
however,  advocate.  With  silicon  at  1*20  in  the  bath^  with  a 
sufficient  tuyere  area,  a  wide  converter  bottom,  ample  bkst 
pressure,  and  rapid  working,  the  time  of  a  blow  should  not 
exceed  11  to  13  minutes,  and  a  fair  percentage  of  scmp  eta 
generally  be  charged  into  the  converter.  The  linings  and 
bottoms  should  $taiid  well»  and  the  output  should  be  at  aboat 
the  most  satisfactory  points  When  remelting  the  metal,  allow- 
ance  must,  of  course,  be  made  for  oxidation  of  ailicoii  in  tb€ 
cupola,  but  even  under  these  circumstauces  1  '5  to  1  '4  ailicon 
should  give  suQicient  heat  for  a  wellH^onducted  process. 

If  a  plant  is  working  so  slowly  and  disjoin tedly  as  to  require 
more  heat,  it  is  extravagant,  unecouomical,  and  out  of  date,  and 
should,  as  soon  as  practicable,  be  given  a  rest. 

Again,  in  the  Siemens  fur i^ ace,  silicon  is  a  costly  fuel.  Here 
the  producer-gas  can  he  used  more  economically  for  raising  the 
temperature  of  the  bath,  and  if  this  in  any  special  instance  if 
found  impracticable,  it  is  almost  certain  that  the  regenerators^  fl 
the  drau*,'ht,  or  the  arrangement  of  the  furnace  are  at  fault.  It  ™ 
is  not  easy  to  build  a  furnace  with  too  large  regenerators.  In 
most  furnaces  designed  a  generation  ago  they  will  be  found  insuffi- 
cient. But  to  rebuild  a  Siemens  furnace  so  as  better  to  utilise 
the  heating  power  of  the  gas  is,  however,  a  comparatively  small 
matter.  In  tiie  United  States  open-hearth  steel  makers  prefer  the 
silicon  in  the  iron  kept  as  low  as  is  possible  without  extravagance, 
and  without  incurring  the  risk  of  an  increase  of  sulphur*  They 
maintain  that  a  short  desiliconising  period,  while  in  many  cases 
reducing  the  duration  of  the  heat,  in  no  way  influences  the 
quality  of  the  product*  To  obtain  a  jacket  of  slag,  it  is  certainly 
better  economy  to  add  flux  than  to  oxidise  such  out  of  the  iron. 
High  silicon  in  iron  for  the  open-hearth  furnace  is,  therefore, 
held  to  increase  loss  and  cost^  without  in  any  way  improving  the 
product. 

The  reference  to  the  above-mentioned  sales  books  and  specifica- 
tions shows  that  this  opinion  does  not  prevail  amongst  some 
British  steel-meltera,  Why  this  is  so  I  have  not  been  able  to 
learn. 
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It  maj  be  rather  late  in  the  day  to  tBake  this  pl^  far  low 
lilicofl  iron-  When  an  ironinaster  converts  his  own  iron  into 
^open-hearth  ste«^l,  and  has  at  his  disposal  a  blast-funiace  plant 
sufficieDtlj  powerful  and  efficient  to  produce  a  low  sulphur  low 
silicoti  iron,  he  will,  nndoubtedlj^  without  soitcitation,  adjust  his 
views  regarding  silicon  to  suit  his  pocket-book.  And  m  for  the 
struggling,  independent  blast-furnace  marketing  a  product  of 
Bessemer  iron  often  through  the  agency  of  brokers,  and  the 
equally  crippled  maker  of  standard  grade  steel,  who  looks  to  the 
same  intermediary  and  to  the  warrant-yards  for  Ids  raw  material, 
1  venture  the  prediction  that  many  of  these  will  si>on  be  driven  to 
the  wall,  unless  they  sensibly  combine  forces^  each  plant  becoming 

co-operating  link  in  the  unbroken  chain  of  processes  which 
turn  the  ore  into  merchantable  steel.  Andrew  Carn^ie  has 
recently  been  quoted  as  having  said  :  **  Henceforth  there  can 
be  only  one  profit  made  from  ore  to  finished  article.*'  He  ia 
nn questionably  right,  and  unless  British  manufacturers  heed  his 
timely  warning  by^  as  far  as  possible,  adapting  their  plants  and 
views  to  meet  each  others'  requirements  for  combined  econo- 
mical production,  the  British  iron  industry  will  find  the  coming 
struggle  for  position  and  markets  more  unequal  than  it  otherwise 
need  be. 
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The  President  said  thej  were  all  much  obliged  to  Mr. 
Sahliii  for  his  paper,   which   from  many  points  of    view  wai 

IB  teres  ling  aud  in  for  in  log. 

Professor  Arnold  said  that  he  had  listened  to  the  paper  with 
DoQsiderahle  interest p  because  one  of  the  most  eKperienced  aad 
reliable  Bessemer  steel  malcers  in  Sheffield  had  recently  quoted 
to  him  thf  American  practice  in  that  respect*  He  had  been 
assured  that  the  carbonisation  of  the  blown  heat  was  mmia 
by  a  conoparatively  small  quantity  of  pig  iron  from  the  next 
cnpola  tapped,  and  that  the  consequence  was  that  in  the  rapid 
working  the  axles  made  from  the  steel  were  so  oxygenated  that 
when  worked  out  they  were  extremely  *'  roaky  " — ^so  much  so 
that  no  British  railway  inspector  would  have  accepted  thera 
His  deliberate  opinion  was  that  the  British  practice,  altiiougb 
costly  and  uneconomical^  gave  a  much  better  quality  of  steel 
than  did  the  American  practice* 

Mr*   James  Kiley,  Vice-President,  in   criticising,   said  that 

British  iron  and  steel  masters  bad  been  lectured  very  much 
for  their  sins  by  their  friends  across  the  water,  but  they  did 
not  want  to  be  punished  for  sins  which  they  had  not  committed 
He  had  told  Mr.  Sahlin  that  morning  that  he  could  not  under-^ 
stand  what  people  he  had  met  with.  To  charge  the  open-™ 
hearth  steel  makers  of  Grreat  Britain  with  asking  him  or  any  one 
else  (except  for  special  purposes)  to  give  them  iron  rich  infl 
silicon  was  an  unheard-of  charge.  For  twenty  years  of  his  life 
one  of  his  troubles  had  been  to  get  possession  of  pig  iron 
sutficiently  low  in  silicon.  When  he  §rst  went  to  Scotland 
and  commenced  the  mild  steel  business,  he  had  to  (ix  what 
the  character  of  the  iron  should  be,  and  yielding  to  pres* 
sure  with  regard  to  what  the  iron  makers  could  do,  or  would 
undertake  to  do^  he  was  compelled  to  put  the  maximum  limit 
up  to  2^  per  cent*  of  silicon*  That  had  remained  the  maximum 
limit  for  a  long  time,  but  with  a  great  deal  of  trouble  with  the 
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tuakeis  in  order  to  keep  it  uoder  that  mftximum.  Aboul  UkU 
years  ago,  during  tlie  last  *'  boom/*  and  when  Uie  power  was  in  tlio 
hands  ot  the  ironmakers,  the  steel-makers  had  to  be  Tery  humble, 
and  it  wns  then,  at  the  request  of  the  iron  makers,  tliat  th^ 
maximum  limit  was  raised  to  3  per  cent  There  was  otie  firm 
with  whom  they  did  bustnesj  whoae  irou  was  alwava  lower  iit 
silicon  than  this,  and  that  £irm  commanded  a  better  }»rice  fur  the 
metal  than  did  others.  He  thoa<^ht  that  tlie  author  had  beeo 
influenced  by  the  desires  of  the  makers  of  Bossemcr  stueh  or 
else  that  Ue  had  come  into  contact  with  geutlemeii  who  imide 
special  qualities.  But  surely  one  did  not  legiahite  for  excep* 
tions  like  that  If  any  oue  wanted  to  supply  the  exceptiomil 
demand  J  let  them  provide  facilities  for  doing  so,  but  tht^y  should 
not  make  the  majority  of  matmfactururs  suflfur  on  behalf  of  the 
exceptions.  Wiien  he  read  the  paper,  he  wnnilered  whetiier 
during  the  last  few  years  any  change  liad  come  over  tlie  desires 
of  the  open-bearlh  steel  makerSp  so  surprised  was  ho  at  the 
charge  brout^ht  a^iainst  thrnu 


i      Mr  Enoch  Jamks  remarked  that  he  could  confirm  what  Mr, 
Sahlin  had  said  in  some  respects,     He  had  been  in  a  frrm  where 
they  had  to  make  the  pi^  iron  and  convert  it   into  iteel,  and  in 
less  than  two  months  the  ouipnt  of  thfit  Besaemer  shop  was 
increased  by  25  per  cent*  above  what  it  liad   been  liefore  they 
be<„;an  paying  attention  to  the  qiiaUty  of  the  pig  iron.      Mort 
blast  was  put  into  the  bIaat-furnaoed»  the  outpnt  wan  jncrrajied^ 
and  the  percentage  of  siHcon  reduced   in  consequence,  time  in 
solutiou   having  great    influence  upon    the  content  of   aflicofs. 
With  such  pig  iron  the  blows  in  the  l^^asenier  shop  were  ooe* 
siderably  shortened,  and   the   make  of  it«et  greatly  tncraaMd. 
In  dealing  with  the  question  of  the  quality  of  pig  iron,  more 
reliance  was  placeii  upon  the  length  of  the  hlowi  than  upon  the 
chemist's  reports  of  two  or  three  samplet  only.      He  thought 
this  conftniied  in  a  very  praeltcal  way  what  Mr,  Hahlin  mu] 
He  might  cay  be  knew  of  totne  itiitancet  wlien  buyen  of  pi 
iron  atk^  for  high  siltconi  beesiise  tbey  w^re  makt-ri  thnm 
selvei,  and  generally  bad  pleoly  of  hm  tUieofi  iron  on  1 
vhicb  dbey  deimd  to  clmr.     SJIieon  was  mmt  coatly  U* 
into  tbe  ptg  iitm  and  e%p«0ttTe  to  take  ooly  and  Ibn  titooeii 
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Bessemer  shop  depended  very  largely  upon  the  quality  of  lh< 
iron  with  which  it  waa  supplied, 

Mr*  Joseph  Coopee  (Jarrow)  wished  to  say  one  or  two  wonia 
from  a  blast  furnace  manager's  point  of  view.  He  felt  they 
0Ligl»t  to  welcome  Mr.  Salilin  as  coming  amongst  them  from  a 
country  where  such  excellent  results  were  obtained  from  blast* 
furnaces.  For  a  good  many  years  past  several  works  in  this 
country  had  been  trying  to  vie  with  the  Americans  in  pro- 
duction, and  one  or  two  companies  had  spent  a  considerable 
amount  of  money  with  that  object,  but  unfortunately  with  not 
very  great  success,  Tlie  works  with  which  he  himself  was 
connected^  some  ten  years  ago  had  spent  a  considei'able  sum 
of  money  in  building  a  blast-furnace,  stoves,  compound  con- 
densing engines  of  large  size,  boilers,  and  everything  else 
necessary  for  the  furnace  to  work  alone.  He  wbb  aorry 
to  aety  th»t  the  results  did  not  meet  with  the  expectations 
of  the  directors  of  the  Company.  He  thought  some  manageis 
in  this  country  had  come  to  some  kind  of  conclusion  as  to  the 
cause  why  they  could  not  niiike  the  productions  which  were 
made  in  America  One  reason  was  the  very  varying  analysis  of 
the  ores  which  were  imported  here,  and  another  the  very  low 
iron  yield  of  the  ores  that  were  obtained.  They  found  on 
the  East  Coast  tliat  the  Bilbao  ores  which  they  most  depended 
upon  ranged  from  8  per  cent*  to  15  per  cent,  in  silica.  Some- 
times cargoes  would  immediately  follow  one  another,  one  witli 
8  per  cent  of  silica  and  another  with  15  per  cent*  Under  such 
condiUous  it  was  a  diihcult  matter  to  get  the  results  one  hoped 
to  obtain.  It  would  be  interesting  to  know  if  Mr.  Salilin  was.H 
snocessful  in  producing  500  tons  from  one  blast-furnace  in  one^ 
day  at  his  works  on  the  West  Coast.  He  was  rather  afraid  that 
the  author  would  have  some  difhciilty  in  doing  that,  especially 
with  such  ores  as  those  he  had  referred  to.  He  understood  the 
author  said  that  if  he  could  not  get  iron  accepted  with  less  than 
2^  per  cent,  silicon^  he  was  rather  afraid  he  would  not  get  the 
results  he  hoped  to  get.  Perhaps  the  author  would  correct  him 
if  he  was  wrong  in  stating  that.  He  might  say  further  that  the 
blast-furnace  owners  in  this  country  were  very  conservative,  and 
had  a  very  great  objection  to  spending  money  unless  they  saw 
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me  one  ebe  had  done  so,  and  proved  new  meiliods  of  doinf 
ork  to  be  suocessfol.  The  Company  with  whidi  tie  was 
Identiied  had  been  oae  wliicli  hiid  gone  very  far  in  tlio  direction 
of  adeptiag  mechanical  means  for  reptacmg  hand  labour  witlt 
Bueeesa.  He  believed  his  firm  was  the  only  one  in  Great  Britain 
where  for  a  considerable  period  they  had  cast  their  iron  in  a 
<»8tiiig  machine.  That  bad  been  going  on  now  for  thirteen 
mootlia without  intermission*  Every  day's  make  uf  tlieir  hematite 
fomaoes  had  been  ponred  through  the  machine,  and  although 
there  had  been  several  break-downs,  the  machine  was  ro[mired 
in  time  to  prevent  a  stoppage  of  the  work  In  addition  to  that, 
as  he  had  previonsly  remarked,  a  considerable  amonnt  of  money 
had  been  spent  in  making  what  liad  been  called  an  American 
furnace,  which  he  had  previously  described^  which  had  not 
proved  very  satisfactory  so  far,  Furtlier,  the  Palmers*  Compnny 
sent  the  whole  of  their  molten  slag  and  hioniRtite  pig  inm  nwny 
from  the  furnaces  in  a  molten  stute  iu  ladles — that  was  with 
regard  to  hiematite.  In  the  Cleveland  furnace  the  wiiole  o{  their 
slag  went  away  in  a  molten  state ^  including  the  roughing  slag* 
He  believed  they  were  unique  in  that  partieuinr.  The  directors 
of  the  Palmers'  Company  were  to  be  credited  with  having  shown 
a  go-ahead  spirit,  and  with  adopting  means  for  doing  wurk  by 
machinery  which  formerly  was  done  by  hand-labour. 

Mr,  F,  W»  Harhoed  said  there  was  one  point  he  should  like 
to  ask  a  qnestion  upon,  with  reference  to  the  reducticni  of  the 
silicon  by  increasing  the  size  of  the  hearth.  It  seemed  to  him 
there  was  a  great  demand  in  this  cotintry  for  a  low  silicon  pig 
provided  the  sulphur  was  low ;  in  fact,  the  great  difllculty  in 
this  country  had  been  to  get  pig  low  in  silicon  nnd  low  in 
sulphur.  He  thought  that  all  the  apen*hearth  people  would  be 
only  too  glad  to  get  such  pig  iroTj.  He  knew  when  he  wae 
connected  with  the  works  that  they  wanted  to  get  some  iron 
suitable  for  working  in  tlte  basic  Siemens  procesa  which  was 
low  in  silicon,  but  they  could  not  get  it  both  low  in  silicon  and 
low  in  sulphur.  As  soon  as  they  got  low  silicon  thts  sulphur 
went  up*  If  in  America,  simply  by  increaaing  the  Fh  '  '  ir 
hearths  and  increasing  their  pressure  of  blast,  they  wi: 
get  both  low  sulphur  and  low  silicon,  it  was  a  most  Vital 
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for  the  ironmasters  of  thia  coantry  to  consider  if  they  could 
not  do  the  same.  Even  in  Bessemer  practice  tbey  could  do 
with  very  much  leas  thaa  2  A  per  cent*  provided  the  sulphur 
was  also  low.  There  were  two  reasona  whj  they  w&ated 
reasonably  high  gliicon  in  the  Besaemer:  one  was  that  the 
existing  plants  were  not  adapted  for  the  rapid  work  which 
was  the  chief  feature  of  American  practice,  aad  therefore  tbev 
wanted  more  silicon  to  keep  up  the  heat  of  the  blow ;  and  the 
second  was  that  they  muat  keep  their  eulpbur  low.  Instead, 
however,  of  having  2 J  per  cent.,  he  thought  that  they  could  at 
least  manage  with  1  j,  or  even  1^  in  many  plants,  provided  the 
sulphur  was  low.  If  their  American  friends  could  show 
them  how  to  make  pig  iron  low  both  in  sulphur  and  silicoa 
from  their  present  raw  materials,  they  would  rende?  a  great 
service  to  the  iron  and  steel  industry  of  this  country. 


II 


Mr,  E.  A,  Hadfield,  Member  of  Cfouncil,  fully  con  firmed  the 
points  referred  to  by  Mr.  Harbord  as  to  the  desirability  of  pig 
iron  makers  being  able  to  supply  material  with  lower  silicon, 
that  is,  under  1  h  per  cent ;  also  that  this  material  should  not 
contain  more  than  about  0"03  per  eent»  of  sulphur  and  phosphonu, 
though  low  silicon  iron  is  usually  accompanied  with  high  sulphtir. 
He  would  also  ask  Mr.  Sahliu  whether  he  could  give  a  pig  iron 
containing  not  more  than  0*8  per  cent,  silicon  wiih  sulphur  and 
phosphorus  not  exceeding  0'04  per  cent.  ?  Such  a  material 
could  be  obtained  now^  but  it  con  tai  tied  a  comparatively  high 
percentage  of  manganese,  which  was  objectionable  for  special 
purposes, 

Mr.  J.  E,  Stead,  Member  of  Council,  asked  the  author  whether 
he  had  any  exact  data  proving  that,  with  ore  of  identical  com* 
position,  and  coke  and  otlier  things  the  same,  the  change  from  a 
small  hearth  to  a  large  hearth,  and  from  a  low-pressure  blast  to 
a  high-pressure  blast,  did  actually  reduce  the  silicon  in  that  way  t 
Generally  speaking,  blast*furuace  managers^  in  this  country  at 
least,  considered  that  the  silicon  contained  in  the  pig  iron  de- 
pended mainly  on  the  amount  of  silica  in  the  ore,  Wliat  they 
were  at  present  fighting  against  in  this  country  was  the  high 
silica  in  the    pure    ores,  which   was  gradually  getting    higher 
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t,nd   higher.     The   Bessemer  pig   iron    manufacturers   were   not 
►nxious  to  make  high  silicon  (2 "5   to  3  per  cent.)  pig,  except- 
ng  for  the  Bessemer  process;  they  would  prefer  to  make  lower 
silicon  pig  for  open-hearth  steel-making.      He  spoke  for  the  East 
Coast*     Mr  Sahlin  came  from  the  West  Coast,  but  lie  thought  the 
^.3ame  conditions  prevailed  there.     It  was  diflicnlt  to  keep  silicon 
Bdown  as  low  as  desirable  in  Cleveland  forj;e  and   foundry  iron, 
'    ^and  many  siliceous  ironstones  could  not  be  worked  on  account  of 
this  difficulty.     Penalties  were  imposed  on  merchants  who  im* 
ported  ores  higher  iu  silica  than  the  normal 


L 


The  Right  Honourable  Sir  Berxiiaud  Samuelson,  Bart, 
'ast-President,  said  he  was  not  able  to  say  what  would 
be  the  result  with  identical  materiala  in  reference  to  haema- 
tite, but  with  regard  to  Cleveland  he  had  lately  had  some 
experience  which  might  be  of  interest  to  the  Institute,  The 
materials  remained  identical  both  with  regard  to  the  iron- 
stone and  the  quality  of  coke,  and  by  increasing  the  output 
of  No*  4  furnace  at  Newport  from  about  750  tons  to  over 
1000  tons,  the  reduction  of  percentage  of  the  silicon  in  the 
had  been  upwards  of  20  per  cent.  Where  they  had,  when 
jng  slack-blast,  something  like  3^  per  cent  of  silicon,  it  was 
reduced  to  under  2  J  per  cent,  when  they  increased  the  output  of 
the  furnace  by  30  per  cent*  Whether  the  result  would  be  the 
same  in  hematite  it  would  be  ditticult  to  ascertain  on  the  East 
Coast,  for  the  reason  which  had  been  stated,  namely,  that  the 
ores  received  from  Spain  varied  constantly  in  their  constituents. 
The  pig  they  were  making  was  No«  3. 
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Mr.  Greville  Johes  laid  that  with  the  same  Cleveland  iron- 
stone, making  about  700  tons  m  woek,  their  sih'con  would  mnge 
from  2 1  per  cent  to  8  per  cent.,  but  since  the  furnacea  had  been 
driven  harder,  and  were  now  working  nearly  1000  tona  a  week, 
the  silicon  had  dfopped  belgw  2)  per  cent*  and  waa  sofnetimeti 
down  to  1}  per  cent.     The  iiilphur  wai  not  iuereaaed  at  all. 

m  Mr.  K  W.  Pain*  aaid  tlial,  upeakiiig  generally,  be  ibityghi  a 
waa  correct  to  lay  thai  the  diffieolty  in  making  t^ttlarlw  mud 
haetutils  pig  imn  low  to  aJUooo  wae    lie^^n  Wm 
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rapid  driving  of  the  furnace.  There  was  consequently  a  ten- 
dency at  times  for  the  furnace  to  be  overdriven.  The  result 
was  tliat  close  hard  iron  with  high  sulphur  was  obtained,  whea 
the  tuyeres  were  pulled  well  back  to  the  full  available  diatnetiii 
of  the  well,  instead  of  being  placed  some  distance  into  die 
furnace  with  a  view  to  reduce  the  distance  between  ihem, 
causing  slower  working  and  consequently  increased  percentage 
of  silicon*  He  understood  these  to  be  the  two  conditions  rek- 
tive  to  the  furnace  described  by  Mr.  Sahlin  in  his  paper,  11 
the  design  of  the  furnace  which  he  had  described  had  enabled 
him  to  overcoTue  the  risk  of  making  hard  iron  and  high  sulplmr 
with  hard  driving,  he  would  venture  to  assure  him,  in  speaking 
for  the  opeu-heartli  steel  makers,  that  there  were  many  who 
would  even  be  prepared  to  pay  his  company  a  shilling  per  toD 
more  for  low  silicon  iron  of  uniform  regular  quality.  He 
(Mr,  Paul)  had  read  with  the  utmost  astonishment  Mr.  Sahlin s 
statement  that  Siemens  acid  steel  mannfacturers  objected  to  low 
silicon  iron,  for,  judging  by  his  (Mr  Paul's)  experience  of  tlie 
last  twenty-five  years,  high  silicons  had  been  one  of  the  greatest 
difficulties  he  had  had  to  contend  with,  and  had  been  a  source  of 
continual  antagonism  between  blast-furnace  pig  iron  makers  and 
Siemens  acid  steel  makers. 

The  author  dealt  with  what  was  presumably  the  theoretical 
working  of  a  Siemens  furnace  in  order  to  prove  his  contention 
that  a  low  silicon  iron  was  feasible,  and  the  assumed  shortcom- 
ings of  the  steel  manufacturers  in  this  country  were  again 
prominently  brought  into  view,  and  they  were  told  that  the 
simple  solution  of  the  whole  matter  was  to  increase  the  re- 
generators, as  had  been  done  in  America. 

It  had  evidently  not  occurred  to  the  author  that,  with  the 
present-sized  regenerators  which  they  had  in  this  country,  it  was 
necessary  at  times  to  vary  the  respective  proportions  of  pig  iron 
and  scrap,  with  the  result  that  the  average  percentage  of  silicon 
would  vary  in  the  initial  charge  from  under  1  per  cent,  to  2 J 
per  cent.,  and  in  the  case  where,  say,  90  per  cent  scrap  was 
used,  the  charge  would  be  worked  in  very  considerably  less 
time,  clearly  showing  that  it  was  not  a  question  of  gaining  heal 
by  the  oxidation  of  the  silicon.  It  was  evident  Mr.  Sahlin  had 
not  even  thought  of  the  pig  iron  used  in  Siemens  basic  open* 
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leattb  pmctice,  which  contamed  frequeml/  &s  low  as  3  per  oenl 

silicon,  ckarlj  showing  that  his  theory  iind  deduetions  weri  ^ 

triouslj  at  fauk«     There  should  not  exist  the  stighteat  doubt, 

ter  the  discuss ioa  which  had  taken  place,  that  Siemens  acid 

manufacturers  would  only  be  too  pleased  to  avail  th«ui- 

Ives  of  good  Xo.  5  iron  with  not  more  than  0*05  per  cent, 

phnr  and  1/5  per  cent  siUcon. 


9f 


Iteel 


Ptl 


Mr.  Sahlik  in  reply  said,  he  was  very  much  gratified  at  the 
uU  discussion  given  to  his  paper.  He  expected  that  the  criti* 
cisms  and  opposition  to  his  statements  from  recognisi^d  nuthori^ 
ties  would  do  much  to  rectify  the  reactionary  requireaietit  against 
which  he  had  pleaded  in  his  paper.  The  statenietit  that  the 
majority  of  the  customers  of  his  company  demandi'd  high  silicon 
iron  he  could  not  witiidraw,  however;  it  was  a  fact  proven  hy 
sales  books  and  speciJications, 

The  theory  explained  by  Professor  Arnold,  that  Bessemer  steel 
would  become  oxygenated  on  account  of  short  blows — that  is,  low 
ilicon — he  did  not  think  correct ;  nor  was  it  common  practice  in 
the  American  Bessemer  works  to  recarburise  the  metal  without 
at  the  same  time  deoxidising  by  means  of  manganese  introduced 
as  Spiegel  or  ferro.  He  had,  however,  seen  Bessemer  steel  in 
England  ruined  by  the  reduction  of  silicon  durin^f  tlie  blow. 
This  reduction  was  clearly  caused  by  an  excessive  blowing  tem- 
perature, generated  by  the  combustion  of  large  quantities  o[ 
silicon  contained  in  the  tnetaL  He  did  not  think  that  any  ona 
in  America  nowadays  would  care  to  prt^duce  steel  for  railway 
axles  by  the  acid  Bessemer  process,  but  he  had  a  number  of  years 
ago  examined  large  numbers  of  railway  axles  made  from  Bessemer 
steel  at  an  American  steelworks  usiog  very  low  silicon  in  their 
iron.  These  axles  had  since  then  been  satisfactorily  used  under 
heavier  loads  than  any  British  railway  axle  is  ex|*08ed  to>  A  a 
to  finish,  smootbnessi  uniformity  of  tempering,  and  exactness 
of  dimensions,  these  axles  left  nothing  to  be  desired. 

It  had  been  stated  by  Mr.  Hi  ley  that  he  had  always  specified 
iron  with  a  maximum  content  of  2^  or  3  per  cent  of  silicon  tow 
his  open-hearth  famacea.  8uch  iron  should  not  l>e  called  low 
silicon  iron.  Mr.  Kdey  might  have  reduced  hia  limit  by  half 
and  stiU  been  on  the  safe  side. 
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Id  answer  to  Mr*  Joseph  Cooper's  st&tetuent  that  his  compftij,  I 
a  few  years  ago,  had  constructed  an  American  furnace,  he  replied  ■ 
that  there  was  uo  Euch  thiog  as  an  Americati  furnace.  Hiefl 
Americans  had  no  niooopol j  of  any  special  type  of  furnace,  and  ■ 
well^e  quipped  J  effective  furnaces  were  being  built  as  well  in  | 
Germany  and  Austria  as  in  America,  There  was  nothin^:  in  tiie  I 
ores  that  are  imported  into  Great  Hritam  to  prevent  a  cod^  ■ 
siiietable  improvement  in  our  blast-furnace  work.  | 

In  1895»  when  he  was  general  superintendent  to  the  Mary-  I 
land  Steel  Company,  that  company  started  one  of  their  fumacn  J 
on  a  mixture  exclusively  of  Spanish  and  Mediterranean  orei,fl 
snch  as  were  imported  into  England.  The  mixture  employed  I 
was  familiar  to  the  members  of  the  Institute*     It  contained —    I 

m  25  per  cent,  of  MokU,  ■ 

^^K  25  jmr  cent  of  Tuf  na  (du«t  fine),  H 

^^H  25  p«r  cwnt.  af  Senphoi,  Atid  ^^^| 

^^H  2£i  per  oeui  of  roMted  Spulliie  (BUbno}  or  pDnniui.  ^^^H 

This  burden  could  be  reproduced  in  Great  Britain   by  any  one 

desirous  of  trying  it*     It  would  carry  about  51  per  cent*  of  in>i 

in  the  mixture  and  about  12   per  cenL  silica.     It  might  be  of 

interest  to  mention  that  the   furnace  was  fluxed  with   oyatn 

shells.  M 

A  preserved   record  of   one   ordinary    week's    w^ork    was   m% 

follows : — 

L  Product  for  Die  wt^k,  2058  torn. 

fc.  Ai^emge  pur  dAj.  294  tons,  y 

^^K  Ctike  cttiiBUtnption,  90 '5  per  «eiit.  ^^^H 

^^^H  BLii»t  tc^mpermture  mvomge,  13SS  degi.  Fjih,  ^^^^| 

^^^L  Blaet  preuure  KTem^tt,  H  llm  ^^^H 

^^V  8teiitD  preiiiire  ATAfage^  80  Ibi.  ^^^H 

^^^  Totiil  Um%  bkit  off,  3  hn,  ItO  mi  us.  ^^^H 

The  furnace  was  85  feet  high,  18  feet  6  inches  in  the  bosh, 
and  12  feet  6  inches  in  the  hearth.  They  could  blow  up  to 
18  lbs-  pressure.  Our  North-West  Coast  ores  are,  if  anything, 
a  little  better  than  those  mentioned  above^  but  they  would 
require  a  higher  blast  pressure. 

He  did  not  expect  ever  to  produce  500  tons  per  day  on  the 
[  North- West  Coast.  When  he  reduced  the  hearth  diameter  of 
'   the  new  Askam  furnace  from    14  feet,  as  originally  planned*  to 
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1 1  feet,  a  large  output  became  impossible.    If  he  could  reach  an 
fcverage  output  of  250  tons  per  day,  he  would  feel  proud. 

He  was  glad  that  Sir  Bernhard  SarauelsoTi  aud  Mr,  Greville 
^ones  corroborated  his  experience,  that  rapidity  of  blowing 
educes  the  silicon  in  the  iron.  So  would  also  the  size  of  the 
dearth,  though  Mr,  Harbord  would  find  that,  to  reach  a  large 
laily  furnace  production  of  low  salphur  low  silicon  iron,  a 
great  deal  more  was  required  than  a  lai^e  heartli  and  a  high 
blast  pressure.  A  blast-furnace  resembled  an  iatricate  equation 
with  more  variables  than  there  were  letters  in  the  alphabet 
Change  the  value  of  one  and  ail  the  others  are  affected.  In 
'that  he  saw  one  reason  why  attempts  to  irn prove  existing  British 
furnace  plants  so  often  had  proved  abortive.  In  one  case,  for 
instance,  he  was  told  that  the  directors  of  a  company  authorised 
the  manager  to  raise  the  furnace  stack,  but  would  not  provide 
new  stoves,  boilers,  or  engines,  and,  of  course,  the  new  furnace 
was  a  failure,  which  cost  the  poor  manager  his  position* 

He  had  been  asked  by  Mr.  Hadfield  wliether  he  could  pro- 
duce iron  with  less  than  0*8  silicon  and  less  than  0'04  sulphur 
and  phosphorus.  It  was  a  pleasure  to  reply  to  Mr.  Hadtield 
that  he  had  recently  made  350  tons  of  iron  for  a  special 
purpose  containing  1^$  than  0  7  per  cent,  silicon  and  less  than 
0  0 3  phosphorus  and  sulphur^  the  manganese  being  kept  below 
0*5.     This  was  being  done  on  an  11 -foot  beattb. 

There  was  no  doubt  that  the  size  of  the  hearth  and  quantity 
of  blast,  as  well  as  the  composition  of  the  ores  and  slag,  affected 
the  percentage  of  itlicoo  in  the  iron.  He  was  daily  em- 
ploying both  of  the  former  ageots  for  governing  the  working 
and  regnlating  the  output  of  famaces  i  hot  the  qoestion  is  not 
one  of  a  couple  ot  poaods  of  blast  preesore  per  sr|uare  inch  more  or 
less,  and  be  iboo^t  tikst  Mr.  Stead  would  agree  with  him  that 
the  condidofi  of  llie  exiitbg  blsit-fitniaoe  pkots  m  this  country 
I^  not  been  snch  as  to  gjt«  Ibe  auuisgtfi  a  dbmoe  of  carrying 
out  expenmeois  in  Ihk  directiofL'  In  Aoetifis  the  fsct  was 
leoognised  sad  fttvays  tAkto  adfialafs  irfi 

In  answer  lo  Mr.  Psors  <{iitslieii  why  be  bad  Uk 

rednoe  cbe  betftk  of  tb«  furmcm  vMeb  bs  was  l  >- 

wonld  say  tint  thii  wm  doM  wboUf  1^  msbUi  bim 
tbt  syii  dtfMtetct  wi(b  fig  bon  oootsiiilfig  Inm 
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per  cent,  silicon,  when  such  was  called  for.  It  was  done  odIt 
after  serious  consideration,  and  to  meet  the  views  of  sevenl 
important  customers.  He  did  not  know  that  the  diameter  of 
the  hearth  would  greatly  affect  the  coke  economy,  but  the 
height  of  the  furnace  would  certainly  do  so. 

On  the  motion  of  the  President  a  vote  of  thanks  was  passed 
to  Mr.  Sahlin  for  his  most  interesting  paper.  The  following 
paper  was  then  read : — 
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THE  PROPERTIES  OF  STEEL  CASTINGS. 

Bt  JOHX  OLIVEH  AKNDLB,    PnOrSaSOB  op  MtTALLUBQT   IV  TKI  tTHIVKBfllTT 

COLLIGE  OF  SNEfriELU. 

PAKT  I 

The  researcbea  embodied  in  the  papers  of  which  this  is  the  first 
were  commenced  about  six  years  ago  in  the  steelworks  aud 
laboratories  of  the  Sheffield  Univeraity  College.  The  plan  o( 
campaign  was  to  determioe: — 

L  The  influence  of  chemieal  composition  on  the  mechanical 
properties  and  micro^str natures  of  steel  castings. 

2.  The  influence  of  annealing  on  the  mechanical  properties 
and  structures, 

3.  The  mechanical  influence  of  variations  in  the  specific 
gravities  of  steel  castings, 

4.  The  influence  of  process^  namely,  the  difference,  if  any, 
between  crucible  and  open-hearth  castings. 

5.  The  influence  of  mass — that  is  to  say,  the  difference 
between  the  properties  of  large  and  smalt  castings. 

6.  The  inflaence  of  heat  treatment  on  annealed  and  nn* 
annealed  steel  castingB, 

7.  The  influence  of  oil  qnencbing  on  annealed  and  unannealed 
citings* 

8.  The  inflnenee  of^  tSjcoii  tod  miiigAiiefle  on  the  beat  of 
racalesoeni^  at  the  carbon  duidge  poJafep  Ail,  the  object  of  such 
ohservatbna  being  to  ob<atn«  it  pOMible,  tbertnal  indieaUona  of 
the  fonnlioB  ^f  domUe  m  tdplt  catbUM, 

0.  TIu  tcktiiri  pioptftiet  #f  woalid  oaitaiigi  and  ilmilir 
ateela  after  forgmg, 

Cwmackt  Cmtrmmow. 


In  a  iwmmA  Atm^aA  to  aseavtata  Iha  hmi  ataadaffl  <um;^At* 
tioii  for  aiati  CMliam  U  waa,  al  cMna,  aaam 
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mictd  the  specificatioiis  at  presecit  issued  by  engineers  to  ensui«1 
high-class  material.  A  common  apecfiiGatioo  demands  a  mixi^  I 
mum  stress  of  about  30  toE$  per  aquate  inch — an  eloiigatioii  I 
of  20  par  cent*  on  2  inches,  aud  a  bending  angle  on  an  mtkm 
square  bar  of  at  least  90"^.  In  order  to  ascertain  the  infiuence  I 
of  chemical  composition  on  attaining,  excelling,  or  falling  sboril 
of  the  abore  requirem6ot%  it  was  decided  to  maaufacture  serial 
of  castings  in  three  distinct  chemical  groupB,  I 

Group  A. — -Nearly  pure  iron  and  carbon  castings,  in  which  ■ 
silicon^  manganese,  sulphur,  and  phosphorus    should    be   kept 
low.  J 

Group  B. — ^Iron,  carbon,  and  siHcou  castings,  all  other  elementi  1 
low.  I 

Grmtp  C. — Iron,  carbon,  and  manganese  castings,  low  in  othef  i 
elements^  J 

I  Group  A. — Iron  and  Carbon  Ca^in^s,  ^^M 

The  group  dealt  with  in  the  present  paper  is  A-,  consisljogl 
practically  of  iron  and  carbon.  This  group,  although  perhapi 
the  least  interesting  from  a  practical  works  point  of  view,  is 
really  of  vital  importance,  because  it  forms  the  base-line  from 
which  alone  the  influence  of  the  elements  silicon  and  manganese 
can  be  accurately  ganged.  This  fact  does  not  seem  to  have 
appealed  to  some  workers  in  the  field  of  steel  research,  and  in 
consequence  much  acrimonious,  but  unnecessary,  controversy  has 
resulted. 

To  include  all  the  castings  which  have  been  made  and  t^ted 
in  Group  A.  would  inordinately  lengthen  the  paper.  The  results 
set  forth  in  Table  I*  must  therefore  be  regarded  as  merely  typical, 
and  the  castings  therein  have  been  selected  to  give  a  fair  view 
not  only  of  the  influence  of  carbon  on  iron,  but  also  to  record  a 
due  proportion  of  those  mysteriona  variations  which  aet  at 
defiance  both  the  skill  of  the  practical  man  and  the  science  of 
the  theorist*  On  reference  to  the  table  it  will  be  seen  that  the 
series  consists  entirely  of  crucible  steel  manufactured  from  b^t 
Swedish  iron.  It  will  be  shown  in  Part  IL  that  it  ia  qoite 
unnecessary  in  general  works  practice  to  employ  such  a  costly 
base.      The  castings  were  made  in  dry  composition  moulds  ii; 
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me  form  ahown  in  Fig,  1,  oamelj^,  a  group  of  four  imm  alniut 
[if  inched  round,  and,  of  course,   tapered   to  avoid  "pulling/* 

?*rom  tlie  3-inch  round  head  four  feeders  arranged 
Icruciformly  lead  to  the  actual  burs,  the  whole  group 
[weighing  about  28  lbs.  Two  of  the  bars  were  broken 
90S  to  be  annealed,  the  other  two  being  tested  aa  caat. 
I  From  such  a  casting  sets  of  test-pieces  containing 
[tensile,  compression,  bendiog  and  specific  gravity 
ipieceSp  together  with  micro-sectiona  of  the  material 
I  both  as  cast  and  after  annealing,  are  readily  ob- 
[tained. 

It  will  be  seen  that  in  the  seven  teen  castings 
[selected  as  types  for  Group  A*,  the  carbon  varied  frotn 
i  0^06  to  1  '95  per  cent.      It  is  hardly  necessary  to  add 

that  only  castings  above  suspicion  as  regards  sound* 

ness  were  included. 


i 


Sizes  of  Ted-Pieo^ 

TcTtsile. — 0*564    inch    diameter,    or    0*25    square 
inch  area,  and  2  inches  parallel 

Oompre^Um, — 0*564    diameter^    or    0*25    square 
inch  area,  and  2  diameters  long. 

BrndtTig, — 10  inches  long  and  j-inch  diameter, 

MicrO'S€ctwns, — ^Trans verse    only    (the    material    being    cast), 
J-inch  diameter  by  iV-inch  thick* 

BpceiJU  QravUy, — Polished  bars  2  inches    long  and    l-inch 
diameter, 

MKTHOD    of   A3fEfE4Li50. 

The  bars  being  somewhat  small ^  it  was  necannary  to  protect 
them  from  undue  scaling.  They  were  therefore  annealed  in 
covered  cast-iron  boxes  filled  wilb  quicklime.  I>uring  the 
annealing  procesa  the  boset  were  maintained  at  a  temperature 
of  about  950*  C\  for  abcmt  seventy  honrt.  The  caatingi  were  cool 
enough  for  drawing  in  about  another  hundred  honn,  Tbe  cooling 
curve  of  the  f Qfnaoe  is  abowii  in  Fig.  2  (Plate  VSL)f  tlie  ciMinliiiati 
being  time  and  tempentttftp  Tb«  readtop  wtfi  taktfi  every  fi 
teen  minute  by  smdenta  working  in  ahifUy  and  the  lempefati 

190L— i.  M 
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of  ibe  fumace  during  the  ann€aliDg  operation   was   pjiDmeti 
cally  controlled  by  experienced  atudents. 

It  will  be  noted  that  the   capability  of  the  constitueJits 
I  iegregate  ce^es  about  twenty  hours  after  luting  up  the  fumici; 
in  fact,  the  vital  range  of  temperature  in  which  is  detenu  to 
the    ultimate  structure  of  ordinary  castings,  namely,  from  7501 
to  550'  C,  occupies  only  thirteen  hours.      The  prolonged 
of  filow  cooling  from  550""  to  say  80"  has  little  infiuence  oal 
structure,  but  is  highly  necessary  from  a  physical  poiDt  of  vie 
in  cunnection  with  the  question  of  the  unequal   eontractioii 
varying  masses  when  cooled  too  quickly. 

In  spite  of  the  precautions  taken  to  prevent  ucdtie  oxidaticsi, 
it  will  be  seen  that  during  the  annealing  decided  decarbonisatiaii 
has  taken  place  in  the  supersaturated  castings,  the  figures  gifeD 
being  the  mean  carbon  of  the  tensile  test-pieces.  These  results 
show  how  much  more  readily  the  carbon  in  eementite  is  oxidisM 
than  that  in  martensite. 


Ke^  to  the  Mitrographic  Analym  of  OcuHngg  in  Table  I, 


UiLth. 


F«B. 


WmB. 
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O«rbon, 


a-o? 


0-07 


ODe 


OoiidlEJaii. 


AtmealBtl. 


Am  eut. 


lilcfu-slmfititiv. 


i 


ngolKT  pftT^AlM  <»f  pnlf<  f^rrite  mixed  vitti  «IwqI 
«c|itftl  ■eciioaftl  mrtAii  of  durk  Atohiug  ferriteL  look- 
ing  almott  lilco  iiiHii|pimferouA  pearUt«,  Tbcw 
darker  ftrc&A  irridentl;  coiit»m  *.  tnitnites  qnjilililf 
of  fin«]j  diTided  cwbJde.  Very  dnutie  vtdiinf 
WHS  necewAi^  to  bting  np  tbii  structure.  whi«h 
look*  iihiio«t  lik«  thmt  of  a  0'45  per  cent,  ficimni 

Oo  light  etchins^  iHlaled  imrlif^lei  of  l&ociuiatcd 
pc^rlilfl  tUFToutided  hy  tmd  wUb  affahooU  of 
i:«metttite  thow«d  themielT«A.  Th«  fnrita  did 
DOi  eUh  brigliili^,  tmd  the  «r7>t»niiie  jonctiQiii 
w«re  pr»cticitUv   undeTeloped,      See  Ificroftmpfa 

.  JlScd"  .I«l«l      ^^^'^'^  *^  <l'"-> 
Oq  deep  etctiitig  the  €]o*e  crjttAlljnt  juinte  beean 
viflitilft,  kbawitjg  here  and  there  ut#l«t«d  bita 
(Wrk  |i«*rUte  ftiid  tti^^ki  of  cemenfcito  bei^i 
tbe  juncliaiiti.    The  ferrite  erjitnlft  are  vtry  lArgit' 
ftad  ionieCiniet  exhibit  within  tliem  |i«raU«)  ~ 
473       -     Fi-B, 


anneKlm] 


200  diM.) 
Sttm^  at  FeB  as  caat     See  Micro^grapb. 
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ir«y  l!»  A#  MTta^^rapl^  Am^fym  qf  CMtJiyw  m  FiMt  f.— (CUri>'«wif,) 


Mtfk.     Ck^tou. 
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048 

At««al. 

521 

Die 

AtitietlMl. 

458 

0-57 

A*eii«t 

428 

0-87 

Aiin««liiil. 

618 
518 

Aft  6lllt. 

AaneiilecJ. 

cc 


00 

54t 
Ml 
GC2 


CLr3 

JB  ; 

517 
517 

5S§ 


043 


0-40 

044 
0-35 
0*48 


0-50 


0150 
0-54 

0-68 
0-SO 


Aft  oftit. 


AnnftftlerL 

Aft  eait. 
AnntAled, 

Att  CMC 


AoiMftleiL 


Ai 

Atiiicftltfl. 


iUi»  tntii*  tiittl«;  mum  m^hnmn^    A  ft^w  ti«tatMl 
palflbttft   m    tnniihiiteq    |t««|[Iib»    niimHiiuliHl    by 

8m  Kf eiwii|ib.    (Hufiitflvil  4^0  il  i ««.  I 
Ha  daw  vloiiliki  ilit  isTftteUm*  ji»iMU  wvr#  virrr 
bifMMk  mMUMnc  tba  fi^|w«r»tlt?«  e  lUe 

*  *  liwi«.  **    Sve  M  iervwrn  iih  ( fit  it^*  t v^ 
Ortrand  mnn  of  ftiiiitlf  tll<klc>rlivfhl 

iHib  vloRf^leil  &T  roiiiiilftii   t*'^^'^^-'  -  ^ 

Fvrrite  cr/ithU  lui^*  mimI  wrU  iloflnti'U  )^f*r1Jil« 
in   lArg«  UnlnCiiii   ihiian'*    luhrllx  hUrrTiuiulf  it   lij 

Irtftgulnt-  trvtUi-wuik  jiAttiuti  itf  fut-vllv  aiHl  fHiftrl- 

PoArUla  ftrcM  ftomoirhAt  mnftU  nnd  hmWy  lUdniiil 
t}wiii|f  Iti'  iPgrvgAliim  iif  ihv  OHr^tiiJi*  iiri]i'»  hitn 
ln(i«>iiiv«    oeniolitite^,       F«rrito   0iyi»iHl«    tiut    vvty 

jireiiR. 
The   miizi'oiputiod   fr«rrn    tlib  pivov   wmi    liiit^   linl 
from  riit;niitr|r  tit  itruebuio  wm  itMiolj  m  -iSH  im 

PeHrlU«  AV^nly  diitrtViQleil  In  ftomewhjil  imnll  fitntiiift 
eitVDiofieil  ill  Miint  v*l«ol  iti  if  jiUl  t»f  (N»1TilllillU>< 

Much  Aft  458  n«  «Mi. 

MticLi  nil  518  nfi»i«44litl« 

Irreijolfcr  In'llpft-bkK  |«*tt«rTi  tti  mi%t't\  fwrHti*  nntl 
grftiiuUr  iiflftj'Utfi^  IjODff  lini**  of  fiffrlM  Urciknn 
In  twn  ffXiEtiiiuiiimlljr  hy  fUrk  lirt^wti  Mriuft  9I 
iiiilf;»hu^*Lhciile  uf  jrnnf*),     ^St?^  M]< TM;^Fii|ili, 

with  Uni#  iM^irrrf  iitf^^l  t»iit(!hft«  of  Unit  unto  J  p^ti- 

its  |i*rtl^  eiiifftl(*j*ti  in   i3*iiiontHe*     Hma   Miurci- 

pivph.     In  Ariijilt«r  Afctirrci  frtim  tliift  piwIImj^  iJi^* 

UMntaftltcm  of  th«  |>«ftrlite  Arena  wh*  tiot  mi^  wiiII 

nmrktfiL 
Bltfi^b  M  458,  but  |Hf*rlit*  AfKii  lurfnf, 
H^nruA  m  518  iiiin«ft|«|,  liut  |icArUE«  «i*i«i  Jurfur  »tu] 

Ffrrii*  At#n^ ^''*  ^^s  ■ti^tit, 

Ofdivaij  ttftp  f^itb  ftunpo  bftvwn  linen  of 

talfrlt^HiUki  .         ri(?)    ill    ihn    t*tHt*.      M#>« 

Micngimb, 
lArf*  iwteMi  of  ferrtte  ind   petrlil*,    thu   Ultar 

paruf  lafliiii»t4tit,  but  ckft^n  lh«  |Miiirlit«  IftiniAN 

mA  itfMfiA*f I  into  |jAicb«  of  nk«ft«f re  sfniMHi** 

Im  9fCir«Vr»t'h. 
^  TnUi^wMk  Mttem  «if  ferrate  «nd  frnnnlAr  |»e»rlil«, 

iIm  lMtl«r  Mifif  lh«  fre«t«r  In  Aren, 
fWrltv    m$f9^Ud    frvta   tlie  pwrtit«  In   iMfoh**. 

F«}|D  l»  piaillli  iii«vlnf  •  Undency  to  ft«<tr*fftf  e 
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Key  t&  (he  Miero^n^ikic  Analytis  of  CofiuigA  in  Table  I, — {Qmiimd.) 
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CtoJJSlDERATION   Of   THE    EESULTS— SPECIFIC    GrAVITT- 
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The  ipecific  graYity  results  haye  been  quite  Degatire.  The 
only  noticeable  feature  is,  that,  aa  a  rule,  but  not  invariably^  the 
specific  gravity  rises  slightly  on  annealing,  but  speaking  broadlf 
no  correlation  has  been  established  between  the  densities  nf  the 
castings  and  their  mechanical  properties — a  disappoLDting  result, 
becanae  much  labonr  has  been  expended  on  this  branch  of  thi 
iDvestigatiot]. 


CffEMICJlL,    MECHAKIC4L,    AND    MlCEOGRAPHIC    CORRELATIOK, 

The  two  eastings  FeB  aad  473,  both  of  nearly  pure  iron, 
both  annealed  nnder  like  conditions,  present  specimens  of  those 
almost    disheartening    discrepancies   which    the    practical    steel 
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[ieyil!urgiit  bms  froiu   time   to  time    to    face.     FeB   pmbably 

:>]istitute3  a  record  for  iron  and  carboa  crucible  steel  oastinga^ 
[t  is,  after  ibe  anoeaUng  operation,  to  all  intents  and  purposes 

jtial  to   forged  dead  mild  steeL     On  the  other  hand,  473  not 
mlj    gare   vftstlj   inferior    mechanical    resulta^    but    waa   not 

aechanically  amenable  to  the  influence  of  annealingi  although 
its  structure  was  completely  changed  during  the  operation.     In 

lew  of  these  facts,  the  mierographic  exatnination  was  made  as 
thorough  as  possible.  In  the  steela  as  cast  there  existed  little 
or  no  difference  between  their  curious  structures.  (See  Micro- 
graphic  key,)  After  annealing,  the  intensely  crystalline  structure 
of  473  came  up  with  very  slight  etching,  whilst  cmitris  fanbui 
no  structure  developed  in  FeB*  On  deeply  etching  the  two 
under  exactly  the  same  conditions,  FeB  presented  very  large 
territe  crystals  with  close  joints,  whilst  473  showed  small  ferrite 
crystals  with  loose  junctions — that  is  to  say,  the  etching  acid 
^developed  broad  spaces  between  them. 

H  The  present  case  is  only  one  of  many  in  the  author's  experi- 
ence in  which  very  large  crystals  have  been  associated  with 
extreme  ductility.  This  would  seem  to  suggest  that  the  con- 
dition of  the  joints  rather  than  the  size  of  the  crystals  is  the 
important  mechanical  factor.  But,  however  this  may  be.  we 
^  are  dealing  with  an  effect  rather  than  a  cause.  What  is  the 
cause  which  produces  such  differing  crystalline  and  median ical 
properties  ?  Chemical  analysis  being  practically  the  same  and 
the  annealing  conditions  identical,  there  remains  only  one  other 
condition  not  under  control,  and  that  is  the  initial  temperature 
of  the  casting.  It  would  almost  seem  that  this  may  determine 
a  crystalline  habit  which  survives  even  the  drastic  operation  of 
annealing  applied  to  steel  castings.  Whether  this  idea  is  well 
or  ill  founded  can  only  be  proved  when  scientific  pyrometry  can 
under  practical  conditions  measure  the  temperature  of  molten 
steel,  a  feat  which  up  to  the  present  it  has  entirely  failed  to 
perform. 

Passing  to  the  next  casting,  521,  it  will  be  noticed  that 
increasing  the  carbon  from  0  06  to  0*18  does  not  alter  the  elastic 
limit  or  maximum  stress,  and  the  ductiUty  lies  between  the 
results  regiatered  for  the  good  and  bad  dead  mild  castings,  re- 
spectively FeB  and  473.    It  will  have  been  remarked  that  all 
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the  castings  hitherto  eonstdefed  have»  both  as  east  and  afUr 
aoDealing,  ij€nt  double  cold  witttoul  flaw. 

A   reference   to  the   micrographs  of  521  as  cast  and  afta  i 
atmealitii^'  will  show  that,  as  in  the  case  of  FeB,  the  atiD€il8d| 
sample  presents  luiich  larger  crystaU  of  farrite  aod  masses  of 
pearlite  tlian  are  present  in  the  steel  as  cast.     Nevertheless  tbe 
ductility  of  the  annealed  is  distinctly  greater  than  that  of  tim 
un annealed  metal.  j 

The  very   noild   castings    hitherto   considered    are,    howersrj 
undesirable  for  general  constnactive  pnrposeSt  and  suitable  onljf 
for  dynamo  work*  I 

The  next  casting  of  the  aeries,  namely,  458>  eontains  O'STl 
per  cent,  of  carbon,  and  the  influence  ol"  this  element  now  begini 
to  make  itself  decisively  felt  by  raising  the  maximum  stress 
about  2  tons  per  square  inch  and  much  lowering  the  ductilitji' 
[especially  in  the  unannealed  bars* 

As  the  carbon  in  this  casting  is  about  the  average  amount 
employed  for  general  work,  three  other  castings,  namely,  518  CO 
and  541  of  similar  carbon,  were  selected  so  as  to  naake  a  series 
of  four  which  should  embody  the  variations  met  with  m  general 
practice  with  castiuga  of  almosfc  identical  chemical  composition. 
HJnfortunately,  upon  these  mechanical  variations  the  micro-stroc' 
tures  throw  little  or  no  light  The  mechanical  discrepancies  in 
nearly  pure  iron  and  carbon  castings  containing  about  0*4  per 
cent,  of  the  latter  element  may  be  thus  summarised : — 

In  the  metal  as  cast,  the  elastic  limit  varies  from  13"3  to  17*2 
tons  per  square  inch,  and  the  maximum  stress  from  21*8  to  24'6 
tons.  Tlie  elongation  per  cent,  on  2  inches  varies  from  5  to  8*4, 
and  the  reduction  of  area  per  cent,  from  5'^  to  12^3.  The  bend- 
ing angles  range  from  32''  to  90*". 

In  the  auTi'taUd  castings,  the  elastic  limit  varies  from  9  to  12*2 
tons  per  square  inch,  and  the  maximum  stress  from  20^8  to  24 
tons.  The  ductility,  as  measured  by  elongation  per  cent^  on 
2  inches,  varies  froui  12*5  to  24*5,  and  the  reduction  of  area 
from  16  to  29  per  cent.  The  annealed  bars  all  bent  double 
without  flaw. 

Passing  now  to  about  ^  per  cent  of  carbon^  the  casting  CC2 
exhibited  very  puzzling  properties.  The  bars  as  cast  fractured 
so  suddenly  that  no  difference  was  observed  between  the  elastic 
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limit  and  mai^imuni  stress^  although   the  slight  elongatioTi   of 
3    per  cent,  proves  tliat  some  difference   must    have    existed, 
.     The  bending  angle  was  trifling,  being  only  12"<     On  annealing, 
^ftr^he  elastic  limit  ft;ll  from  18  to  15  tons  per  square  inch,  whilst 
^Mhe  maximum  stress  rose  from  ld|  to  2G}  tons.     The  elongation 
Bgave  tor  0*5  per  cent*  of  carbon  the  high  figure  of  20 '5  ])er  cent., 
whilst  the  reduction  of  urea  was  only  16  per  cent*  and  the  betid- 
ing angle  S6°.     Tiie  result  last  named  is  quite  abnormal.      As  a 
rule,  a  casting  elongating  20  per  cent,  will  bend  double  without 
flaw.     A  study  of  the  micro-sections  of  CC2  will  reveal  vitol 
principles  connected  with   the   mechanical    properties  of  small 
unannealed  en  stings  low  in  manganese  and  high  in  silicon. 

The  brittleness  of  the  unannealed  bars  seems  due  to  two  main 
causes.  Firstj  imperfect  adhesion  between  the  long,  sharp 
junction  lines  of  the  constituents.  Although  the  latter  exhibit 
sectionally  a  trellis-like  form,  their  solid  geometry  really  con- 
sists of  dark  etching  elongated  cells  of  granular  pearlite, 
surrounded  by  pale,  thick  walla  of  ferrite.  But  the  second 
cause,  namely,  the  brown  lines  running  almost  exclusively 
through  tiie  ferrite,  and  enclosing  large  groups  of  the  two 
constituents,  is  distinctly  the  more  potent  factor  producing 
brittleness.  These  lines  of  extreme  weakness  will  be  dealt 
with  more  fully  under  Group  B,.  namely,  the  iron,  carbon, 
silicon  series ;  but  it  may  be  well  here  to  make  a  few  pre- 
liminary remarks  on  their  nature. 

Several  years  ago  the  author  showed  to  his  friend,  Mr,  J.  E* 
Stead,  these  curious  enveloping  filmsj  and  at  Middlesbrough 
Mr.  Stead  independently  conjirmad  their  existence  in  small 
castings.  Both  Mr*  Stead  and  the  author  are  agreed  as  to 
their  fatal  mechanical  efTects,  Mr,  Stead,  however,  is  inclined 
to  consider  them  of  a  scoriaceous  nature,  that  is,  a  readily 
fusible  dissolved  slag  segregating  during  cooling.  The  author 
has  not  been  able  to  confirm  this  view,  because  before  etching 
they  are  in  visible,  and  hence  apparently  of  a  metallic  nature. 
The  author  regards  them  as  a  fusible,  metallic  sulpho-silicide  of 
iron,  segregating  in  a  minutely  granular  form.  Indeed,  Mn 
3tead  has,  by  differential  sieving,  obtained  from  castings  ejr* 
bibiting  this  phenomenon  a  residue  high  in  silicon  and  sulphur, 
b^e  envelopes  afe  dangeroiio  only  in  imall  medium   <^rhoii 
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castings ;  their  more  detailed  description  maj  be  advatitageottaly 
left  until  Part  IL  of  this  paper  is  reached  ^  because  bj  thai  timt 
additional  obserrations  by  other  workers  may  be  available  10 
assist  in  deciding  as  to  their  actual  nature. 

In  the  tneantime  it  may  be  remarked  that  the  lioes  of  ihtm 
sectional  meshes  are  often  defined  on  etching  by  an  evolodoa 
of  sulphuretted  hydrogen  gas,  which  covers  the  iron  adjacent  to 
the  lines  with  iridescent  sulphide  films.  On  annealing,  these 
meshes  are  usually  destroyed,  running  up  into  little  isolated 
patches  of  pure  sulphide  of  iron.  (See  Micrograph  CC2.)  The 
remjbval  of  these  films,  together  with  the  destruction  of  tbe 
sharp,  intereonstitutional  cleavage  lines,  largely  accounts  for  the 
increase  not  only  in  ductility,  but  often  also  in  tenacity  observed 
after  annealing  steel  castin^^^s,  particularly  those  in  which  carboa 
and  silicon  constitute  the  bulk  of  the  foreign  elements  present 

The  author  will  in  Part  II.  present  the  curious  paradox  that 
a  small  percentage  of  sulphur  is  actually  more  favourable  to  the 
production  of  the  dangerous  films  just  described  than  a  relatively 
large  amount  of  sulphur*  With  reference  to  the  action  of 
annealing  on  the  carbide  of  0'4  per  cent*  carbon  steels^  the 
following  explanation,  which  excludes  ultra-scientific  theories^  is 
practically  and  substantially  accurate.  On  heating  the  casting 
in  the  annealing  furnace  to  a  temperature  of  about  700 ""  C*,  the 
compound  pearlite  areas^  which  consist  of  87  per  cent,  of  iron 
intimately  mixed  with  13  per  cent,  of  normal  carbide  of  iron, 
¥efi,  pass  at  Osmonds  point,  A^l,  into  the  simple  constitaent 
martensite,  a  highly  attenuated  but  definite  alloy  corresponding 
to  the  formula  Fej^C*  Then,  as  the  temperature  further  rises 
between  700**  and  800*"  C.j  the  points  A^S  and  A^3  are  passed, 
and  the  martensite  and  ferrite  areas  gradually  interpenetrate 
until  molecular  equilibrium  is  established  and  the  mass  is 
homogeneous.  On  cooling,  the  constituents  ferrite  and  marten- 
site  commence  to  segregate  at  about  750'  C*  and  at  700*  are 
distinct,  the  martensite  having  gathered  into  large  irregular 
masses,  and  the  ferrite  into  allotriomorphic  crystals.  At  about 
650**  C.  (Ar  1)  the  martensite,  Fe^iC,  decomposes  into  pearlite 
(21  Fe  +  FesC)*  Passing  from  650''  to  550^  a,  the  FegC 
segregates  first  into  lamiuiE,  then  partially 
envelopes   surrounding   the  pearlite    areas,  and 
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cooling  be  Twy  fliov,  into  taolatd  fttt/diee;  »o  Umt  penrltW 
proper  lias  disappeared^  uid  the  wnm  i%  tQnii«rlf  604istUut«4 
become  reallj  ferrite  coatainlng  isokttd  globulas  of  etmeiilite^ 
WhiebeYer  sta^  of  the  annealed  straetufe  ultimattlj  r«tuiiin«« 
the  tnechamcftl  quality  of  the  eastings  is  greatly  impravdl,  bm 
ia  varying  degrees.  This  subject  will  be  better  finally  deidt 
with  after  the  data  on  the  heat  treatment  of  unannealed  and 
annealed  castings  have  been  presented* 

Proceeding  with  the  consideration  of  the  results  embodied 
in  the  table,  the  casting  JB  is  re&cbed,  in  which  the  carbon  ii 
a  little  over  0'5  per  cent.  This  steel,  when  compared  with  CCS, 
presents  some  remarkable  mechaaical  discrepanoiea  in  the 
annealed  metaL  The  elastic  limit  is  only  10  5  tons  per  iquare 
inch  as  against  15^2  tons  in  CC2.  Although  the  elongation  per 
cenL  of  J B  is  4'5  per  cent,  lower  than  CC2.  nevertheleia  JB 
has  bent  through  ISO""  against  the  S6"  of  CC2.  The  mioro^ 
graphic  analysis  does  not  seem  to  reveal  any  diflerences  in 
structure  capable  of  accounting  for  these  curious  variations.  Aim 
in  the  case  of  517  it  will  be  noted  that  an  elongation  of  only 
10  per  cent,  is  accompanied  by  a  bending  angle  of  135," 

Passing  ueit  to  556^  which  con  tains  06  per  cent,  of  carhoUf  it 
is  evident  that  a  critical  mechanical  point  has  hmn  ptifiaed, 
accompanied  by  a  decisive  falling  off  in  ductility,  and  in  tliii 
particular  casting  the  elastic  limit  and  maximnni  streAi  are 
also  very  poor. 

The  carbon  being  well  over  the  eemi -saturation  point  (0*45 
per  cent),  the  pearl ite  is    nuw  the  prodomi rating  couitituenti 
and  in  the  annealed  bars  of  556  the  fjearlitfs  had  to  a  considerable 
extent  decomposed  into  globules  of  cementite.     It  is  therefore 
poBsible  that,  owing  to  their  different  coefficient  of  contractlofit 
these   segregated    oementite    patches    have    partially    detached 
tbemaetvea  from  the  ferrite^   thus   forming    innnmerable  fiaws^^ 
wMxlk   account  for  the    iinaati^faciory   mechanical   tests.      Bui 
snob  a  view  is  not  easily  leconciM  with  the  properties  of  tfat 
next  easing;  601,  which  contains  07  per  cenL  of  carbon,  and  iaj 
the  annealed  sample  of  which  the  globular  segregation  of  the' 
pearl  ite  kmins^  into  eementite  k  even  more  marked   than  In 
556*     U  is  true  thai  601  has  little  ductility,  but  iU  maxtmi 
k  over  30  ioii%  or  Marly  twiee  that  of  666* 
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From  601,  cftrbon  0  7  per  cent.,  to  460  carbon,  about  1*1  per 
cent.,  the  maximum  b tress  fluctuates  from  24  to  30  tonSj  tie 
latter  evidtfntly  being  the  usual  stress ^  the  former  the  exceptm 

From  556  to  the  end  of  the  series,  ductility  has  practicallj 
vanishedj  if  we  exclude  the  slight  recrudescence  shown  in  the 
bending  ao^rle  of  524^  which  curiously  registered  50*'. 

522  and  573  show  that  very  high  carbon  castings,  both  as  cast 
and  after  annealing,  can  rank  only  with  good  grey  iron  eastings. 

The  micrographs  of  522  as  cast  and  after  annealing  are 
in  teres  ting.  It  will  be  seen  that  duong  annealing  a  con- 
siderable amount  of  cementite  was  oxidised.  In  the  annealed 
bar  the  residual  cementite  formed  large  cell  walls ,  origiuaily 
cDutaiuiiig  pearlite,  but  during  the  slow  cooliug  the  pearlit« 
lamina  segregated  into  short  ll:iick  plates,  which  no  doubt, 
still  slower  cooling,  would  have  ultimately  become  isol 
globules.  In  this  case  there  is  no  doubt  that,  owing  t>o  their 
diflferent  contraction  co-eflicients,  the  cementite  walls  partially 
pulled  away  from  the  cells  they  envelop.  In  fact,  this  section 
ia  typical  of  a  No.  5  cemented  bar* 

The  remarkable  mechanical  variations  so  frequently  referred 
to  make  it  impossible  to  plot  curves  in  which  carbon  is  co- 
ordinated with  the  maximum  stress  or  elongation,  but  taking 
the  annealed  bending  tests  and  excluding  the  obviously  abnormal 
cases  of  CC2  and  524,  a  curve  is  ohtaiued  which  represents  with 
approximate  accuracy  the  influence  of  carbon  on  annealed  iron  east- 
ings. The  results  are  plotted  in  Fig,  3  (Plate  IX.),  i^  which  the 
co-ordinates  are  carbon  per  cent,  and  bending  angles  in  degrees. 

It  will  be  noted  that  after  the  carbon  reaches  about  0*55  per 
cent,  there  is  a  sudden  drop  in  the  ductility,  the  latter,  so  far 
as  practical  test  purposes  are  coucerned,  having  virtually  dis- 
appeared. 

The  compression  tests  call  for  no  particular  coniraent  beyond 
remarkiug  that  the  capability  for  compression  falls  with  the 
carlfon  in  tlje  steel  as  cast  from  63  per  cent,  in  the  nearly  pure 
iron  to  17*3  per  cent,  with  1*8  per  cent,  of  carbon.  After 
atinealingj  in  the  great  majority  of  cases,  the  percentage  of  com- 
pression registered  is  only  slightly  increased,  showing  that  the 
causes  producing  remarkable  weakness  iu  tension  have  relatively 
little  effect  when  the  material  is  in  compression. 
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Hkat  Triatmint, 


■  Keat  treatment,  generallj  somewhat  vai^uely  QaU«d  iimeidttigi 
is  usually  only  of  academic  interest,  but  in  the  present  paper 
it  calls  for  consideration  in  view  of  the  unfortunate  fact  that 
ezpeFimeotalists  are  apt  to  generalise  from  laboratory  rej»ulta 
obtained  with  small  plain  bars,  atid  put  forward  ilieir  tlata  as 
available  for  guidance  iu  works  practice.  In  the  mujority  of 
instances  such  a  view  is  erroneous  and  mislead iitg.  It  has  been 
more  than  once  urged  that  the  annealing  process  usihI  hy  Uie 
author  is  unnecessarily  drastic,  and  if  in  practice  only  little 
bars  such  as  are  usually  employed  in  laboratory  practico  were 
concerned^  this  eriucism  would  be  sound.  But  such  is  not  the 
case.  In  iarge  castings  there  often  exist  juxtaposed  light  and 
heavy  masses.  The  former  reach  the  majcimuoi  anneiilin^ 
temperature,  say  950*  C,  or  a  light  red  heat,  long  before  the 
heavy  parts  oE  the  castiug  are  anywhere  near  that  tomperatuni 
throughout  their  mass,  and  hence  before  sucli  heavy  |>arti  art 
in  a  state  of  thermal  and  molecular  equilibrium.  It  is  there- 
fore necessary  to  gradually  soak  such  castings  for  prolonged 
periods,  occupying  not  hours  but  days,  in  order  to  bring  both 
light  and  heavy  parts  to  a  common  temperature*  It  is  alio 
equally  necessary  to  allow  very  gradual  cooling,  so  a*  to  avoid 
highly  dangerous  contraction  Btreaaes,  which  would  inevitably  be 
set  up  if  such  castings  were  allowed  to  cool  in  air. 

Although  the  cooliitg  oondition  just  named  has  in  the  writer's 
experience  given  the  beat  aechanical  and  ntructural  renultfif  it 
is,  of  course,  quite  iDapplicable  to  large  and  complex  cas tings, 

Throngh  the  courtesy  of  )fr.  Robinson,  managing  director, 
and  Mr.  Jobson,  chief  chemist,  at  Meaars,  Williain  Jeia0p  and 
Sons,  Limited  the  author  is  able  to  bring  beftrre  this  attention 
of  the  Institute  a  corious  incident  obi«rved  by  Mr.  Jobscii. 
DuriBg  the  anneal  I  ng  of  a  huge  marina  oattiog^  the  hUst^  mm 
naual,  bad  east  tifion  it  in  varimii  parti  aevcfftl  loat  bars.  All 
but  one  of  ttiaaa  gpvd  ^Doalksti  machwiicaj  taata.  Pieoet  of  a 
good  and  m  bdl  teat  bur  wsff  Mot  to  lilt  fttttbor  for  micro- 
gimpltie  examtnationt  tnd  his  raatilli  tia^lljr  confirm  those  ul 
Mr,  Jofaoonu    Tbe  innpilod  itfBiGtars  of  Ibe  good  steel  (carbo^ 
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and  mAiigmnese  0*6  per  cent.)  consiated  of  a  grotind  mass  of 
ferrite,  in  whicli  the  areas  formerly  pearlite  had  passed  ialo 
smal],  ill-defined  particles  of  cementite.  But  the  bad  test  Ui 
showed  the  remarkable  trellis  -  like  section  characteristic  of 
brittle  because  utiacnealed  eastings.  This  structure  is  shown  it 
the  micrograph  marked  JB. 

On  inTestigation,  Mr.  Jobson  found  that  this  particular  tesi 
bar,  belonging  to  the  bottom  of  the  large  casting,  had  hem 
inadvertently  buried  in  the  sand  on  the  bottom  of  the  furnace; 
and  hence  its  temperature  bad  not  risen  above  a  low  red  heat, 
quite  below  the  critical  points.  Therefore  no  diffualon  of  the 
constituents  pearlite  and  ferrite,  and  consequently  no  recryatal- 
lisation,  had  taken  place*  Heuce  the  structure  remained  prac- 
tically as  east  and  the  steel  relatively  brittle. 

The  following  micrographic  and  mechanical  data  give  typical 
results   obtained    by   varying   the   thermal   treatment    of    small 
[castings.     Four  l|-inch  bars  were  cast  as  usual   &om   nearly 
^'pnre  iron  containing  036  per  cent,  of  carbon. 

Giving  M.  660,  m  Cad. 

The  micro-structure  was  of  the  usual  trelliB4ike  sectional 
pattern,  but  for  a  low  silicon  casting  the  ferrite  cell  walls  were 
permeated  to  an  unusual  degree  with  sulpho-silicide  films. 

The  tensile  test  gave  the  following  figures  :~ 


Btdifl  llnjl^  toai  p«r  aqa^tv  Ineh 

r«M,  toiu  p«r  *qt»f«  iDch 
tioti  (oa  2  iiie1i«t)r  per  cent.     . 
SidniettoA  of  ArM,  per  ceul 


1334 
3^ 


The  material  was  thus  little  better  than  good  grey  iron. 


ITo,  660.   Works  AnneaM, 

The  micro-structure,  as  usual^  showed  a  ground  mass  of  ferrite 
crystals  free  from  sulpho-silicide  films,  with  relatively  large 
patches  of  decomposed  pearlite,  it,  pearlite  in  which  the  lamime 
of  Fe^C  had  to  a  great  extent  segregated  into  little  pieces  of 
cementite* 
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"Hie  tensile  teil  made  om  the  works  nmttled  btr  giTi  the 

foUowing  results : — 


Bcdaetioa  of  atca*  per  C«Bf» 

The  aboTe  is  a  poor  result. 


14^ 


JVa  660.  As  Cad  and  then  fftat-TmUtd. 


The  bar  aa  cast  was  slowly  heated  during  about  att  hour  up 
to  BbO""  C,  It  was  maintained  for  an  hour  at  that  teni|)erature 
and  then  allowed  to  cool  in  air. 

The  micro-structure  showed  a  ground  mass  of  ferrite  dotted 
with  small  particles  of  dark,  granular  ferrite.  The  sulpho- 
Bilicide  &lms  had  disappeared,  and  the  structnia  was  much  liuer 
than  that  of  the  works  annealed  bar. 

The  tensile  test  was  on  the  whole  superior  to  that  of  the 
annealed  bar,  registering  the  following  ligures  : — 

Elattie  limit,  ton*  per  iqnue  iticb  *  .  .  .  ,  !€'34 
Maximum  itrcM^  toum  per  iquArt  inch  *  ,  ,  .3079 
WUmgktioUf  per  oaut.  .        .        t        <        *        *        i       19*00 

H«diioMan  of  areik,  par  ccni.        ..,.»»      li'OO 

No.  660.    Works  Anmakd  and  Heat*  Treated, 

Another  works  annealed  bar  was  treated  in  the  manner  de* 
scribed  for  the  bar  as  cast. 

The  micrO'Strncture  was  very  similar  to  that  last  described,  but 
distinctlj  smaller  in  pattern. 

The  tensUe  test  was  not  altogether  aatisfactorjTf  giving  the  fol- 
lowing results : — 


Elutic  limitt  tooi  per  square  ineh 
iUximiim  atreu,  torn  p«r  aquAn  lia«h 
^dOffstimi,  per  c«nt^ 
Badodbii  of  mrtm,  p«r  oenL 


15  07 
9D0 


From  the  foregoing  group  of  resulta  it  would  teem  tliat  the 
Ideal  conditions  for  treating  a  brittle  0'4  {ler  cent,  carbon  steel j 
as  cast  are  to  heat  it  for  an  hour  or  so  at  a  temperature  about 
50**  above  the  upper  critical  point,  and  then  cool  in  air.     Da* 
fortunately ,  in  steel  metallurgjr  the  ideal  and  the  practica 
seldom  sj^nonjmoua 
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Practical  Summary. 


Th^  Comparative  Pr&pertus  of  CasiifigM  and  Forged  S^tud^ 

It  has  been  previously  pointed  oat  that  on  rai^  occasS 
under  certaia,  at  present  uuknown^  condidons  of  melting,  steel 
castings  may  possess  properties  practically  identical  with  those 
of  forged  steels  of  similar  chemical  composition.  But  such 
cases  form  the  exceptions  which  prove  the  general  nUe,  that 
the  mechanical  properties  of  annealed  castings  are  tuuch  in* 
ferior  to  those  of  worked  steels*  This  is  the  more  remarkable 
because  the  same  chemical  composition,  the  same  specific  gravity, 
and  the  same  micro-structure  can  be  produced  in  a  casting  as  in  a 
forged  steel,  yet  the  mechanical  properties  of  the  latter  will  be  enor- 
mously superior.  It  will  be  well  to  give  concrete  examples  of 
these  facts.  The  author^  in  a  paper  read  before  the  Institution  of 
Civil  Engineers  in  1895,  fully  described  the  properties  of  rolled 
iron  and  carbon  steels.  Comparative  examples  of  those  steels  and 
the  castings  dealt  with  in  the  present  paper  present  points  of 
considerable  interest^  because  the  remarkable  discrepancies  ex- 
hibited are  at  present  incapable  of  satisfactory  explanation. 
The  following  tables  embody  the  comparative  properties  of  cast- 
and-ro!led  ^  and  cast-and-anuealed  steels  of  almost  identical 
composition : — 

*  The  ruUed  bftrt  when  cold  w«r«  r«beaUd  lo  thQvd  lOOO^  G.  mnd  pooled  in  ftir. 


The  lessons  taught  by  the  data  set  forth  in  the  prelimiiisij 
experiments  detailed  in  this  paper  show  that  pure    Iron  and 
carbon  steel  is  not  a  suitable  material  for  fnlfilJing  the  modern 
specifications  drafted    by   engineers   for  steel  casting.       With 
iron  and  carbon  castiDgs  the  ductility  demanded  can  be  ensured 
with  ease,  hut  with  such  ductility  it  is  impossible  to  correlate 
the  required  tenacity.     The  latter  property,  it  is  true,  can  U    _ 
obtained  from  iron  and  carbon   castings,  but  at  the  expense  of  I 
an  almost  complete  loss  of  ductility.     Therefore,  as  haa  already   ^ 
been   remarked,  excepting    the    nearly   pure  iron   the    series  of 
castings  described  have  small   manufacturing  interest.      Never- 
theless they  form  the  basis  upon  which  the  mechanical  iniiuettce 
of  silicon  and  manganese,  to  be  hereafter  dealt  with,  can 
be  scientifically  measured. 


Plate  X. 


Keduced  from  6-inah  circle.     MugnifieU  200  liiAfiteten. 
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PUTE  XI 


Bedi]c«d  from  S-inch  olrole*     llftgtilA«fl  300  iJkiiietett. 


HHiiMtt  fnjm  l^iceh  dtclA.     Iftifiifiad  $15  dUmeiisrm, 


Plate  XII. 


Reduced  from  6-iiich  circle.     SLimmled  315  dUnictem. 
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Plate  XIU. 


Eedoced  from  5-incli  mwh.     MAgnifleJ  460  diarnoteri. 


Etdiie#d  from  O-imb  drolc,    MApdltod  460  dl*m«tw% 


Plate  XIV, 


Reduced  from  S-iDeb  oirole.     M^ieii.acd  irs  diAmeten^ 


E«diioed  from  (Klneli  dtde.     HAgntded  S5  dIatii«l«rB* 
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It  will  be  see&  mi  a  glaitod  thai  mil  aloag  ike  liti«  wilh 
iciBieaoe  ta  flaitir  Hmil,  to  tenaeityt  «iAd  lo  dvotililf  Umi  wihA 
sled  B  gRutfy  mperii^  to  tlid  umeiiMI  eistii^. 

Passiog  lo  higher  ^rlioa  tbe  smme  rokuvt  cliafrnd^n  «re>  if 
anjtiimg;  still  motB  dccisiTely  exhibited  :^-« 
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Wbett  the  carbon  rises  stilt  liighen  tho  difr^F«iicie  ilt  itUl 
most  remarkable : — 
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IM  THE  PROPlRtTES   OF  WTEML  CASTIHOa  1 

The  foregoing  re^ttlts  should  indace,  in  the  mitida  of  sdeotificl 
tmeUdliirgists,  a   tinge  of   buimlitv,  because    for   some  of  tbeal 
'neither  the  scientist  nor  the  practical  man  can   offer  adj  afttii-^l 
fftctorj  expkiiatioo.  I 

.      A   noticeable   practical   featiare   on   comparing    the   respective 
[teat  bars  is,  that  in  the  milder  ca&ting  the  fractures  usually  lack 
[that  fine  grej  granular  appearance  and  eup-and^cone  break  whie)i| 
I  ebaxacterise  mild  rolled  steels ;  also  in  easting   the  elougatitml 
h  le«s  conBned  to  the  vicinity  of  the  fracturcj  being  more  ev€uif  1 
distributed  along  the  bar,  and  hence  accounting   for   the  cov-i 
.  paiutivelj   low   reduction    in    area  observed    in    caBtin^s   vbeil 
compared  with  similar  rolled  steels.  1 

Castings  frequeutly  present  incipient  signs  of  fmeture,  u. 
small  cracks,  in  places  other  than  that  at  which  the  actad 
rupture  takes  place. 

It  will  now  be  interesting  to  compare  the  effect  of  drmstie 
annealing  on  steel  as  cast  in  smnU  moulds  and  similar  steel 
after  rolling.  On  reference  to  the  general  table,  it  will  be  sees 
that  casting  ^21,  containing  about  0*17  per  cent,  of  carl^oii, 
j  showed  after  annealing  a  fall  of  2^  tons  per  square  inch  in  th€ 
elastic  limit,  a  slight  fall  in  the  maximum  stress,  and  a  decisive 
increase  in  the  ductility  as  measured  by  elongation  and  reduction 
of  area  per  cent. 

Under  similar  conditions  of  annealing,  a  rolled  steel  containing 
0"21  per  cent,  of  carbon  showed  a  drop  of  no  leas  than  8  tons 
per  square  incli  in  the  elastic  limit,  a  fall  of  about  4  tons  in  the 
maximum  stress,  %vhilst  the  elongation  and  reduction  of  area 
remained  practically  unchanged,* 

Passing  to  carbon  0*^7  per  cent,  casting  No,  518,  it  will  be 
found  that  again  annealing  has  reduced  the  elastic  limit,  in  thvs 
case  no   less   than   6   tons   per    square    inch.     The    maximum 
stress,  however,  fell  only  about  1  ton,  whilst  the  ductility  hai^J 
greatly    im  pi  roved,    the    elongation    rising    from    6    to    20 
I  cent. 

On  annealing  a  rolled  steel  containing  0*38  per  cent*  of  carbon^ 
the  general  effect  of  annealing  was  similar  to  that  observed  m 
the  0'21   per  cent,  steel,  namely,  the  elastic  limit  fell  from   18^ 


*  See  "  Iniuenee  of  Curbon  on  Iron/ 
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9|  tons,  the  maximam  stress  from  3D  to  S5  locia^  whilsl  the 
lucMtity  was,  if  anrthing,  slightly  lowerad. 

With  carboQ  about  0^  per  cent,  cftsting  524^  antieftliiig  som^* 
rhat  lowered  the  limit  and  stTess^  and  ftUghtl?  raided  the 
luctilitj.  But  oti  annealing  a  rolled  steel  coutaiomg  about  tlia 
%me  carboD,  the  elastic  limit  fell  from  25  to  17  ions;  Urn 
Imaximum  stress  from  52  to  36  ions,  whilst  oomcidently  with 
Ithis  great  fall  in  t«tiacitj«  the  ductility  also  underwuut  a  i^uinrk^ 
mble  decrease,  namely,  the  elongation  per  cent  dropped  from  13 
■to  4  and  the  reduction  of  area  from  15  to  4.  Heiiee,  aiuiealiuji 
ibeneflcial  to  castiDgs  seriously  injures  rolled  steeK 


Thermal  Data. 

At  the. authors  request,  Mr,  Andrew  M* William,  A.K.S*M,  has 
kindly  undertaken  the  recalescence  investigations  connected  with 
this  and  the  subsequent  papers.  Hia  report  on  the  iron  and 
carbon  groups  is  embodied  in  the  folio  win  j,'  Utble.  It  will  bt^  mort  i 
I  convenient  to  comparatively  place  the  whole  of  the  curves  to- 
gether in  the  final  paper: — 


Hftrk. 

Oarbofu 

HeftI  Bvdvfl4  It  Af  1  on  OoolJafi 

Rfw  in  PyromBtrio 
Miilimetm. 

T4mp«iiiiiirn  rtf  Htirt'l. 

lire 
15:1 

4M-0 

m 

BIS 

m 

460 

0^ 
OlS 
0-37 

1^ 

0'4 
l-fl 

n-2 

The  heats  recorded  in  tlie  above  table  were  eaiculated  by  biking 
Hhe  total  perturbation  from  the  fair  curve  (whether  occurring  aa 
an  actual  rise^  stay,  or  retard)  in  eecoiMls,  and  dividing  by  the 
mean  rate*  The  result  (being  the  aqnivalent  riae  in  millimetres) 
multiplied  by  30  (the  calibration  factrjr)  equals  the  equivalent 
rise  in  the  tempeniture  of  the  steel  in  degrees  cimtigrailep  In 
steels  47 S  and  521  and  518,  Ar  1  being  separati^  on  cooling,  v 
r  eaiculated  direct  from  the  curva     In  the  other  two  cusm 
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total  heats  of  recalescence  were  calculated,  and  from  them  the  sum 
of  the  beats  evolved  at  Ar  2  and  Ar  3  in  FeB  was  subtracted. 

In  conclusion,  the  author  has  to  thank  Mr.  F.  Ibbotson,  B.Sc., 
for  the  patient  and  accurate  manner  in  which  he  has  reproduced 
the  micrographs  illustrating  this  paper. 

Of  the  work  of  Mr.  F.  K.  Knowles  it  is  difficult  to  speak 
in  moderate  terms.  He  has  for  several  jears  patiently  and 
vigilantly  carried  out  the  details  of  the  practical  manufacture, 
analysis,  and  mechanical  testing  of  a  very  large  number  of 
castings,  and  well  merits  the  thanks  not  only  of  the  author,  but 
of  all  interested  in  steel  foundinsr. 


BBC03SIOK — MB.    R.   A.   nkBflSlSk 
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^P     Mr.  R,  A.  &ADF1CLD,  Member  of  Council^  said  lie  wm  sum 
■     that  they  all  felt  a  great  debt  of  gratitude  to  Professor  Arnold  for 

ihis  excellent  paper,  which  was  odIv  the  commeacetiieot  of  very 
important  research  work  upon  which  he  had  been  eiigaged  now 
ibr  five  or  six  yeara.     They  knew  from   the  post  work  which 
Professor  Arnold  had  put  before  the  Institute  that  the  research 
:tipQn  which  he  was   al   present  engaged    was  bound   to   be  of 
exceedingly  great  ralue,  not  only  from  a  scientific  point  gf  view, 
hut  to  the  practical  man  as  well.     There  was  one  point  in  the 
paper  where  Professor  Arnold  referred  to  the  corn  pa  rati  vo  quali- 
ities  of  forged  and  cast  steel.     It  was  quite  true  that  in  a  number 
[of  cases  the  same  uniform  tests  were  not  obtained  from  cast  as 
kirom  forged  steel ;  but  it  was  a  question  whether  forgeil  sta^l 
rwas  so  severely  tested   or  submitted  to  so  many  exceeding'! y 
ireful  tests  as  cast  steeL     The  castiug  maker  had   to  run   the 
luntlet  of  a  large  number  of  inspectors,  as  Profesaor  Arnold  wtis 
IgWare.     Taking  the  locomotive  wheel  centres  alone^  which  used 
[to  be  made  of  forged  iron,  cast  steel  had  now  entirely  replaced 
[the  latter  materiah     Tiiat>  he  thought,  was  a  satisfactory  proof 
[-that  on  the  whole  cast  steel  could  be  relied  upon  for  a  large 
number  of  purposes  in  an  equally  safe  manner  as  forged  iron  or 
steel.     As  regards  this  research  work,  in  order  to  thorouj^hly  ap- 
preciate the  value  of  the  paper  they  must  wait  for  the  concluding 
portions  mentioned,  when  it  would  be  possible  to  ofTer  more  full 
criticism*      Professor  Arnold  had   stated  in  his  opening  remarks 
that  the  series  of  tests  in  this  case  were  carried  out  upon  an 
alloy  of  iron  and  carbon.     That,  ae  the  Professor  pointed  out, 
was  not  a  commercial  product.     All  steel  castings  contained  a 
certain  amount  of  silicon   and   manganese,  and   nowadays  very 
often  there  was  a  third  element.     He  very  heartily  agreed  in  a 
remark  which  Professor  Arnold  made  in  the  pap^r  wliara  he 
said  with  regard   to  iron  and  carbon   castings ;  '*  This  group, 
idthough  perhaps  the  least  interesting  from  a  practical  workft 
point  of  view,  is  really  of  vital  importance,  because  it  forma  the! 
base  line  from  which  alone  the  indiience  of  the  elements  sillcoD 
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and  manganese  can  be  accurately  gauged."  He  would  lik@  ■ 
suggest,  as  the  Institute  was  going  to  make  use  of  the  htm 
which  Mr.  Carnegie  had  so  generously  placed  a.t  their  diapoiij 
tiou,  that  in  research  work  experiments  submitted  to  the  InitiJ 
tute  a  rule  should  be  laid  down  that  all  the  samples,  wbetba 
cast  or  forged,  must  be  accompanied  with  the  complete,  and  nJ 
merely  a  partial,  analysis — carbon,  silicon,  sulphur^  phosphormJ 
manganese^  and  any  special  elements.  Speaking  personally,  m 
might  say  that  iu  many  papers  submitted  to  the  Itistitute,  m 
had  often  tried  iu  vain  to  canipare  one  result  with  anothed 
simply  because  certain  portions  of  the  analysis  were  misdiid 
and,  as  Professar  Arnold  pointed  out,  that  was  exceediD^'ljj 
unfortunate,  because  it  might  often  happen  that  the  ndMiaffl 
element  which  was  not  stated  might  make  all  the  diflTerence.  Il 
was  the  same  with  regard  to  mechanical  tests,  Tiiese  were  oflss 
incompletely  given, and  much  valuable  work  often  rendered  of  little 
Sdrvice*  Art  excellent  paper  had  been  read  before  the  Institute 
yesterday ;  but  as  regards  one  of  the  specimens  described  one 
point  was  omitted — namely,  the  elastic  limit,  and  the  results  wen 
thua  much  reduced  in  comparative  value-  Therefore  he  snggeskJ 
that  they  might  state  to  intending  candidates  for  the  C^niegie 
prize  that  complete  information  must  be  given  in  the  research 
work  and  that  incomplete  analyses  or  tests  could  not  be  accepted^ 
Nowadays  both  chemical  and  mechanical  teats  were  readily  ob- 
tained;  therefore  there  was  no  excuse  for  laxity  in  this  respect 

Professor  Arnold,  in  referting  to  large  crystals,  used  an  ex* 
pression,  viz.,  ''  crystalline  habit,"  which  he  thought  was  m 
excellent  new  term,  and  he  hoped  it  would  often  be  used  iu 
describing  certain  peculiarities  met  with  in  eteeL  He  himself 
in  making  alloy  specimens,  had  met  with  the  character  of 
structure  referred  to  by  the  Professor,  and  he  must  say  that 
to  the  present  time  a  satisfactory  explanation  was  not  fortl 
coming.  In  making  alloy  steel,  such  as  mangan^e  steel,  it  wj 
q^uite  possible  to  obtain  a  strong  crystalline  structure  which  no 
amount  of  annealing  would  remove.  He  hoped  Professor  Arnold, 
who  had  special  opportunities  and  leisure,  would  continue  to 
investigate  and  follow  up  that  important  point. 

Professor  Arnold  had  also  mentioned  another  curious  point 
which  had  often  puzzled  him  in  his  own  inYdstigations ;  that 
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wsls,  that  good  bending  tests  wem  often  obtajiied  from  samples, 
ad  jet  the  elongation  did  not  at  all  correspond  with  the  high 
Buding  an|,de.  As  will  be  noticed,  nearly  nit  the  sumpkd  to 
rhich  the  author  referred  bent  double  cold,  and  yet  the  elonga- 
tion of  some  of  the  same  specimens  was  comparatively  gmalL 
I  It  was  very  singular  that  this  sbonld  be  so. 
He  again  offered  his  hearty  congratulations  to  the  FrofeBsor 
on  the  opening  paper  of  his  very  important  raaearqh  work, 
Mr.  F*  W.  Habbobd  said  they  must  all  congratulate  Professor 
Arnold  on  the  thorough  way  iii  which  he  had  started  his  itivesti" 
gation*  The  only  way  to  auceeud  was  to  start  at  the  base  line 
and  gradually  work  up  to  the  conditions  of  actual  practic«. 
With  reference  to  the  temperature  of  amiealirig;  ht>  would  likt) 
to  ask  why  the  particular  temperature  of  950*  had  been  selected 
for  all  grades  of  carbou  steel  ?  Ua  thought  that  was  rather 
high.  He  was  keenly  interested  in  this  question  of  tonipara- 
tnre,  as  he  had  been  working  at  h  for  some  time,  and  a  great 
many  practical  steelfonnders  had  given  liiiu  iurormatioii  as  to 
the  teuiperatures  which  they  found  to  giv^  the  beat  results 
in  actual  practice.  In  all  cases  it  had  been  distinctly  lower 
than  950''  C,  and  especially  was  this  tlie  case  for  hi^h  carlmo 
steek.  In  fact,  it  seemed  the  universal  practice,  as  far  ai  his 
information  went,  that  at  those  works  where  they  took  accurnto 
measurements,  tiie  higher  the  carbou  in  the  steel,  the  lowt^r  the 
ft  temperature  of  annealing.  He  thought  that  was  borne  out  by 
"  those  working  tests  which  Professor  Amohl  had  referred  to,  ni 
the  author  stated  there  that  the  anuealing  temperature  was 
8bQ^  C.  as  against  950  **  C,^  the  temperature  employed  in  the 
experimental  work.  It  wsa  poatible  when  Profeisor  Arnold  had 
completed  the  programttie  mapped  ont,  hm  uiight  find  it  advisable 
to  make  a  aeries  of  esperim^nU  on  tb«  tfltel  of  varying  the 
temperature,  but  appwently  he  did  not  at  fMPetent  propose  to  do 
so.  In  the  paper  tbo  author  rtferred  to  lbs  actioo  of  annealtngj 
on  iteeU  with  0*40  per  cent,  of  oirbon,  and  ofltrred  an  explana- 
tion which,  be  stated,  had  the  advanlagt  of  exdnding  all  iitti..-^ 
scientific  iheotjei,  and  which«  be  iaid«  nl  tim  mme  time  vr 
practically  and  siibstaiUiaUy  e^^rect,  eiertalfily  two  mml  im] 
things.     Aeesm^oig  to  the  oiitlior'i  bypoibatii,  on  aont^ 
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700*  at  Osmond's  point  Ac  1  the  pearlite  passes  into  ^'tbesimpli 
eoDititaent  marteusite,  a  highly  attennated  but  defioite  aOej, 
corresponding  to  the  forniula  Fe^C;"  And  be  further  stated; 
*^At  about  650^  C*  (Ar  1)  the  tnartoosite,  Pe^C,  deoompONi 
.  into  pearlite  (21Fe  +  Fe^C)/*  This  he  nnderstood  to  be  a  per- 
r  fectly  definite  statement  that  martensite  had  the  formula  of  the 
eub-carhide  Fe^C,  and  he  woald  be  glad  if  the  author  waaU 
L  give  his  reasons  for  this  conclusion,  as  without  these  it  wu 
r  impossible  to  form  an  opinion  as  to  how  far  tbi^  was  practicallT 
and  substantially  correct  He  assumed  the  author's  concliiBioiu 
were,  at  all  events  in  part,  deduced  from  what  was  found  to  W 
the  strocture  of  steels  when  quenched  from  certain  tempera* 
tiires ;  but  if  they  ej^amined  a  steel  containing  0'40  par  cent 
of  carbon  quenched  from  800'',  it  consisted  entirely  of  nj&rtensiv, 
which,  if  the  author  was  rights  and  had  the  composition  of  Fe  C, 
would  require  nearly  1*00  per  cent  of  carbon  instead  of  0"4  per 
cent— that  actually  present.  lu  other  words,  if  martensite  ^m 
Fe^C,  a  quenched  sample  of  0"40  per  cent,  carbon  must  conuiD 
less  tlian  60  per  (^ot  martensite^  whereas  it  had  been  clearly 
shown  by  Sauveur  that  under  ceftain  conditions  it  might  contain 
100  per  cent.,  and  consequently  there  was  not  enough  carboa 
to  go  round  in  a  0'40  per  cent,  carbon  steel  to  form  this  quantity 
of  Fcg^C;  so  tlmt  from  the  evidence  at  present  before  them 
it  did  not  seem  possible  it  could  have  tliis  particular  composi* 
tion,  Fe^^a 

.*     Mr.  F.  H.  Lloyd  asked  the  author  if  iu  his  investiiLrations  lit  j 
Hhad  noticed  a  dilTerence  between  what  he   might   call   properj 

annealing,  and  simply   heatiug   and  laying  off  to  cool    in  thai 

open. 

Mr.  E.  F,  Lanoe  asked  the  way  in  which  the  author  pr 
pared  bis  pure  iron  and  carbon  castings.  He  presumed 
aluminium  was  required.  Several  other  points  had  struck  hilll^ 
with  regard  to  the  data  given  as  to  the  basis  for  the  experiments. 
To  the  three  chemical  groups  mentioned  by  Professor  Arnold  be 
would  suggest  that  he  should  add  a  fourth — uaraelyj  one  in  which 
the  carbon  was  kept  within  low  limits — say,  from  0*20  to  0'30, 
and  with  both  silicon   and  manganese   in  variable  proportiofi^i 
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regud  to  thm  Mitieslfng  expetinmis^  llie  tinit  ot  seakuig 
of  950'  C.  womiA  \m  m  dmrbftck  in 
Qo  «ocoaQl  oC  the  ieninif<9  MtKi^ 
rbich  tfa»  vosid  erase.  He  was  90<aiewb«l  sorpftied  to  find 
ProCeMir  AnmU  liad  wed  the  suite  amMiliiig  lemiit^nlim 
8iieh  ft  wide  imnge  of  otmipoflitaoii  is  dm  ovrlKm  0  07  ptf ' 
iL  to  cftrboQ  1*95  p«r  oeiit.  He  mi^ed  also  any  iaoluaiob  af 
iBrioells  theories  Ilioie  theotieSt  in  hts  axperieQce,  uppliiHl 
[nally  well  for  Oftstiiigft  m  for  forged  ni&A — iiamdl}\  Uie  de- 
imbility  of  dividing  iba  aiineaUiig  operation  into  two  partai  the 
Grat  destined  to  produce  a  fine  crvstalline  form,  and  tb«  i^ooud 
directed  towards  converUDg  the  carbon  from  the  hatdantng  lo 
tbe  cement  condition,  the  temperature  required  being  altered  lo 
suit  the  various  grades  of  ate^l.  Mr*  Had  field  bad  bniu^^bt  out 
the  importance  of  this  point  in  the  discussion  upon  Mn  Sauveur  i 
paper  upon  the  **  Relation  between  tbe  Structure  of  Steel  and 
its  Thermal  Treatment/'  at  the  Manchester  meeting  iit  the 
autumn  of  1899.  If  any  doubt  yet  remained  as  to  the  value 
tlo  the  steel  manufacturers  of  microscopic  research,  surely  the 
present  paper  would  remove  that  doubt. 


CORESSPONDENOE. 

Mr*  J,  E.  Stead,  Member  of  Council,  re^^retted  that  ho  was 
obliged  to  leave  ttie  meeting  before  the  discussion  on  l\m  author's 
paper,  and  sent  the  fu)lowin*j^  commurucatioQ  r^-^It  wan  perfectly 
true,  as  the  author  poiuted  out,  that  in  small  cfistini^s  the  crys- 
talline grains  of  steel  were  sometimes  separated  from  eac[i  other 
by  a  more  or  less  complete  envelopment  of  what  he  (Mr.  Steu(t) 
had  described  as  sconaceoua  matter,  for  want  of  u  bett^^sr  iiafiie. 
From  a  practical  point  of  view  it  was  immaterial  whether  the 
substance  was  called  scoriaceous  matter,  sulpho-siiicido  of  iron^ 
sulphide  of  mangaitese,  or  silicate  of  maoganetei  aji*  what^wer  it 
was,  it  separated  the  grains  one  from  the  other,  and  was  itself  ex* 
cseedingiy  brittle  and  had  little  coherence,  and  must  neceiSftrily 
cause  Btructural  weakness  of  the  whole  mass*  Hn  (Mr,  Stead) 
bad  separated  iilicatea  of  manganese  and  sulphide  of  manganeaa 
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from  steel,  and  fouud  that  thej  wete  oftea  ftiaociated  togatb 
one  being  m  palish  green  and  the  other  &  akte  colottr.     He  vo^ 
be  glad  lo  know  if  the  author  had  separated,  isolated,  aud  pmm 
tlie  ei33tence  of  the  aulpho-silicide  of  Iron. 


Mr.  F.  Batkkpoet,  Salford,   requested  the    author   to  bu 
I  whether  he  did  not  think  the  best  resuH  with  No,  660 
have  been  obtained  by  heat-treatiDg,  and  cooling  slowly  imU 
of  cooling'  in  air.     Also  was  the  comparison  between  rolled 
ca^  steel  made  with  precisely  the  sauie  quality  of  eteel^ — that  m 
to  say,  with  crucible  steel  made  with  the  best  Swedish  materi&l 

ProfesBor  Aakold,  in  replying  on  the  discussioti,  said  that 
fully  agreed  with  Mr*   Had  field    that  exceUent    steel    casting 
were  now  produced ;  in  fact,  during  the  last  fifteen  or  twent; 
years  great  strides  had  been  made  ia  improving  the  quality  < 
such  uiateriaK     At  the  same  time,  as  Mr«   Had B eld  remarked, 
rolled  steels  gave  the  more  uniform  results. 

With  reference  to  the  criticism  of  Mr.  Harbord,  he  would 
remark,  that  the  tempemture  of  GSO""  had  been  selected  because 
it  safely  cleared  the  change  point  Ar,  in  the  mildest  flleel  in- 
vestigated, and  for  comparative  results  on  carbon  steels  it  wna 
necessary  to  employ  a  uniform  temperature.  As  a  luatti^  of 
fact;  this  temperature  was  commonly  reached  in  works  practice 
He  could  not  agree  with  Mr.  Harbord  in  his  statement  that  iht 
higher  the  carbon  the  lower  the  temperature  of  annealii^;  aud 
in  any  case,  the  remark  did  not  seem  to  have  any  bearing  on 
steel  castings,  which  seldom  eicceeded  0*5  per  cent,  in  carbon. 
It  might,  however^  interest  Mr.  Harbord  to  know  that  the  pn^- 
longed  experience  of  one  of  the  most  experienced  metallurgists  m 
Sheffield  had  led  him  to  the  cooclusioii  that  950 ""  gave  in  ihe 
case  of  crucible  steel  good  results,  with,  say,  0*6  per  cent*  carbon 
steel,  and  also  with,  say,  1  3  per  cent,  carbon  steel,  but  chat  w^ith  0*9 
per  cent,  carbon  steel  a  lower  temperature,  about  850°,  was  neces- 
sary to  avoid  producing  brittleness.  This  fact  coutirmed  the 
result  described  by  the  author  in  the  paper  read  before  tb 
Institution  of  Civil  Eugineers  on  the  influence  of  carbon  on  iron 
Mr*  Harbord  remarked,  that  he  (the  author)  did  not  seem 
intend   to   investigate    the    influence  of    varying    temperatt] 
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Jurely  Mr.  Karbord  did  not  think  it  worth  while  to  waste  work 

on   material   wbich   he  (the  author)  had   pointed  out   was   not 

Buited    for  commercial  work.      Mr,    Harbord   would    tind    the 

latter  fully  dealt  with  in  the  next  paper^  for  which  most  of  the 

[work  was  already  finished. 

In  his  remarks  about  marteusite,  Mr.  Harbord  practically  in- 

[timated  that  he  considered  the  author  was  laekin-i;  in  a   know- 
ledge of  elementary  arithmetic*     The  author  had  never  in  any 

[way  made  the  assertion  attributed  to  him  by  Mr.  Harbord,  tliat 

Im  0^4  per  cent,  carbon  steel  quenched  out  consisted  of  Fe^^C,  Mr, 
Harbord  actually  quoted  that  it  had  been  clearly  shown  by 
^  Sauveur  that  0*4  per  cenL  carbon  steel  when  quenched  wtis  entirely 
Bmartetisite.  Mr,  Sauveur  had  never  shown  this  to  be  @o«  Tlie 
steel  upon  which  he  experimented  contained  1^2  |>er  cent,  of 
manganese  and  0"3  per  cent,  of  silicon.  If  Mr.  Harbt^rd  would 
take  the  trouble  to  quench  such  a  steel  containing'  only  carbon, 
he  would  find  that  it  consisted  of  an  intimate  mixture  of  dark 
mar  tens  jte  and  pale  ferrite* 

An  experiment  such  as  mentioned  by  Mr,  Lloyd  would  be 
found  in  the  paper  (p.  191), 

In  reply  to  Mr,  Lange*  it  would  be  found  in  the  final  page  that 
the  group  mentioned  by  Mr.  Lan«^e  would  be  derived  as  a 
matter  of  logic  from  the  results  obtained  from  tiie  other  grouj^>s 
already  mentioned.  He  thought  that  to  saddle  Mr.  Briuell  with 
any  responsibility  for  castings  on  the  results  Mr,  Brinell  had 
obtained  on  forged  steels  would  he  not  only  unjust  to  Mr,  Brinell 
but  also  inaccurate.  The  results  lie  had  obtained  did  not  bear 
out  Mr,  Lange  a  views.  The  carbon  would  be  converted  entirely 
from  the  hardening  to  the  cement  condition,  even  with  very 
thin  sheets  cooled  in  air,  as  had  been  clearly  shown  by  Sir  F. 
AbeL 
H  In  reply  to  Mr.  Stead,  the  author  had  not  in  any  way  isolated 
a  sulpho-gilicide.  Hie  name  was  tentative  as  most  likely  on  the 
eviden<^  ejctant,  viz.,  that  the  alloy  certainly  contained  sulphur 
and  was  most  developed  in  a  silicon  stitte. 

In  reply  to  Mr,  Davenport,  the  aitthor  did  not  think  *' 
alow  cooling  with  Ko.  660  the  tenacity  wonM  bsT6  been 
as  when  cooled  in  air,  thoagh  the  ductility  would  havd  bu'^ 
somewhat  greater. 


204  VOTES  or  thakks. 

The  President  moved  a  vote  of  thanks  to  Professor  Arnold, 
which  was  unanimouslj  accorded. 

The  President  then  stated  that  the  remaining  papers  wonld 
be  taken  as  read,  and  those  members  who  desired  to  discus 
them  could  do  so  in  writing. 

On  the  motion  of  the  President,  the  thanks  of  the  Institute 
were  accorded  to  the  authors  of  the  papers. 

On  the  motion  of  the  President,  seconded  by  Sir  LowTfflAS 
Bell,  Bart.,  Past-President,  a  vote  of  thanks  was  also  passed  to 
the  President,  Council,  and  Secretary  of  the  Institution  of  CiYil 
Engineers  for  the  use  of  their  rooms  for  their  meeting. 

Sir  Edward  Carbutt,  Bart.,  Member  of  Council,  moved  a 
vote  of  thanks  to  the  President  for  his  conduct  in  the  chair. 
This  was  seconde<l  by  Mr.  W.  R  Webster,  of  Philadelphia,  and 
unanimously  carried. 

The  proceedings  then  terminated. 

The  papers  taken  as  read  were  as  follows : — 


isarm  as  a  mmdml  ^ttbuce  iif  stiil. 
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lOTE  ON  A  SDEDAL  STEUCK   IN  STEEL   PRESENTED 
TO  THE  INSTITUTE  BY  MR.  E.  J.  UUNGBERG. 

Bt  BBKNKTT  H,  BBOUGH,  SitcEWAiT. 

£.  J»  Ijukgbshg,  general  manager  of  the  Stora  Kop- 
^parbergs  Compauj  of  Sweden,  presented  to  the  Iron  and  Steel 
Institute  on  January  23,  1901,  a  medal  struck  at  the  Swedish 
Royal  Mint  in  soft  basic  steel  from  the  Domnarfvet  Steelworks, 
As  this  is  the  first  medal  that  has  been  struck  in  steely  it  has 
been  thonght  that  some  particulars  of  its  composition  and  of  ihv 
occasion  on  which  it  was  struck  might  usefully  be  recorded  in 
the  Institute  Journal 

The  medal  is  2^  inches  in  diameter,  ^  inch  thick.  On  the 
obverse  there  is  a  profile  bust  of  Mr.  Ljungberg  with  the  in- 
scription :  "  ERIK*  JOH*  UUNGBERO  •  ST.*  KOPPARBEROS*  HERGSLAQS- 
DISPONENT*  FRAN' Ir.  1875-  1  Nov.  1900";  and  on  the  rttverse 
two  sprays  of  fir  tied  together  with  a  ribbon^  with  the  alchemical 
symbol  for  copper  and  the  inscription :  **  BERghlags^tjense- 
MANNENS  tacksamhet"  (Plate  XV.),  The  soft  basic  Bessemer 
steel  of  which  the  medal  is  made  contains  :■ — 

Vvr  Vunt 

Garbou 0^ 

Mntigftceie     .        .        * .    O'ld 

Siliflon    ......,.»».    ODOT 

Pbewphoraa    .......,,.     0tl02 

Sulpbar  ..........     0005 

On  November  1,  1900,  Mr,  Ljungberg  celebrated  the  twenty- 
fifth  anniversary  of  his  appointment  as  general  manager  of  the 
Stora  Koppar bergs  Miuiug  Company.  On  that  occasioD  the 
company  presented  him  with  a  highly  artistic  souvenir  in  the 
form  of  two  maps  enclosed  in  one  frame,  GJ  feet  high  and  4  feet 
broad,  made  in  silver  and  gold  from  the  Falun  mines,  inlaid  with 
ivory,  enamel,  and  precious  stones.  The  whole  was  designed  by 
Mr,  A.  Lindegren,  tlie  figures  being  designed  and  mcMJelled  by 
I, Mr.  V.  Andren  and  Mr.  A.  Olsson,     The  trophy  weighs  330  lbs* 
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At  the  same  time  the  afficiaU  of  the  Compaii^  pt«8eDted 
ft  medal  struck  id  gold  from  the  Falun  mines.  The  tliei 
for  this  medal  were  engraved  by  Professor  A.  Li nd berg.  Sub- 
sequentlj  it  occmred  to  Mr.  Ljuagbeiig  that  it  would  be  ii 

.  intereating  experiment  Co  ascertain  whether  from  these  dies  i 
medal  could  be  struck  in  basic  steeL  The  experiment  prated 
aucceesftil,  and  the  faulting  medal  was  presented  to  the  iTon 
and  Steel  Institute 

The   works  of  the  Stora   Kopparbergs   Mining  Conipanj  it 

Ifalun,  Domnarfvet,  and  Skutskar  were  visited,  it   will   be  r^ 
memberedi  by  the  Iron  and  Steel  Institate  in  1898,      The  Coi»- 
pany  is  the  oldest  joint-stock  enterprise  in  the  world.      There  is 
still  in  existence  in  the  State  archives  a  deed  for  the  transfer 
of  shares  in   the  Company  dated   1288^  and  the  royal   cbart^n, 
which  refer  to  the  Company  as  being  then  very  ancient,  bear 
dates  from  1347  to  1432,    The  real  estate  of  the  Company  com- 
prises vast  forest,  copper  and  iron  mines,  and  waterfalls  repi 
senting   100,000  horse- power.     Dating  from  its  oldest  ehaiteri 
the  Company  celebrated  on  February  24,  1896,  its  550th  am 
versary.      The  Company  is  naturally  proud  of  its   historr,  an 
preserves    in   its   museum    at   Falun    a    number   of    antiquiti^ 

[  and  relics  of  the  greatest  interest.     From  its  celebrated  cop] 

r  mine  at  that  town  the  Company  derives  its  name  of  The 
Great  Copper  Mountain  (Stora  Kopparlierg).  Ita  fii^t  ironworl 
Svartnaa,  were  built  in  17S5,  and  some  twenty  other  smi 
works  were  soon  added.  Owing  to  difficulties  in  manufacturitii 
economically  at  so  many  small  works,  it  was  decided  in  1873 
concentrate  the  manufacture  at  Domnarfvet,  by  one  of  the  big 
waterfalls  of  the  river  Dala.  These  ironworks  are  the  largest  in 
Scandinavia,  and  the  largest  ironworks  nsing  charcoal  fuel  in  the 
world.  They  possess  a  charcoal -burning  plant  with  eight  large 
kilns,  a  blast* furnace  plant  with  four  furnaces^  six  Weatmaa 
calcining  kilns,  and  seven  Cowper  hot-blast  stoves,  five  Basse* 
mer  converters  (two  of  6  tons  and  three  of  5  tons),  four  open- 
hearth  furnaces  (each  15  tons),  a  rolling-mill  plant,  forge, 
plate-pressing  works,  and  a  horseshoe-nail  factory.  Every  varie^M 
of  pure  iron  and  of  the  highest  grade  of  steel  is  made,  the  aunnalfl 
production  being  55,000  tons  of  pig  iron,  35,000  tons  of  Bessemer 
ingotSp  26,000  tons  of  open-hearth  ingpta,  3000  tons  of  charcoal 
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j^Ton  blooms,  47,000  tons  of  rolled  and  hammered  iron  and  steel 
»f  all  kinds,  and  600  tons  of  horaesboe-naOa.  The  basic  procesa 
ras  adopted  in  1891  for  a  portion  of  the  out-turn,  the  three 
-ton  Bessemer  converters  and  two  15-ton  open-hearth  furnacea 
eiiig  used  for  basic  work.  The  iron  produced,  being  made  with 
eharcoal  from  ores  free  from  phosphorus  for  tlie  acid  process, 
ind  free  from  sulphur  for  ihe  basic  process,  is  of  remarkuble 
Ipurity,  Indeed,  the  average  percentage  of  phosphorus  in  the 
Jeasemer  and  open-hearth  pig  iron  made  during  the  last  three 
[rears  was  only  0^019  per  cent.  The  reason  why  so  many 
fdiflerent  methods  of  manufacture  are  in  use  is  that  there  is 
a  great  (Uvemity  of  ores  available,  the  Company  being  large 
owners  of  the  phosphoric  ores  of  Grangesl»erg,-«fl  well  as  of 
remarkably  pure  ores  of  other  localities* 

During  Mr.  Ljungberg's  mant^gement,  in  the  years  1875  to 
1  900,  the  Company  has  mad©  conspicuous  progress.  The  Dom- 
narfvet  ironworks  were  started  in  1878,  and  have  several  tiLrn*3 
been  enlarged  and  partially  rebuilt.  The  Skutskiir  sawmills  were 
purchased  in  1885,  and  have  since  been  remodelled.  The  present 
production  is  about  50,000  St*  Petersburg  standards  of  sawn  and 
planed  stufl\  In  consequence  of  a  discovery  of  native  gold  in  the 
Falun  mines  in  188X  a  new  metallurgical  process  was  introduced 
'^at  the  Falun  gold  and  silver  works  in  1885.  The  ^old  production, 
which  averaged  from  1  to  3  kilogrammes  before  1875,  has  risen  to 
about  100  kilogrammes  at  the  present  time*  The  Skutskar  sul- 
phate pulp  works  were  built  in  1894.  The  annual  production  is 
15,000  tons  of  sulphate  cellulose*  The  Domnarfvet  charcoal 
plant  was  built  in  1894  The  annual  output  is  now  2,000,000 
bushels  of  charcoal  and  1300  tons  of  by-products*  The  Kvarna- 
veden  power  station  was  built  in  1900.  Its  turbines  have 
18,000  horse-power.  The  Domnarfvet  paper  works  were  begun 
in  1898  and  finished  in  1900;  the  output  is  30,000  tons  of 
paper.  The  Skutakar  sulphite  works  were  begun  in  1900  and 
started  in  February  1901,  The  works  will  produce  15,000  tons 
of  sulphite  cellulose.  The  Falun  sulphuric  acid  works  were 
rebuilt  in  1899.  The  annual  output  is  3000  tonn  of  *xniren- 
trated  acid. 
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Sir  JoaK  Evans.  KCB.,  F.RS,,  President  of  the  Nuniisiiml 
Societj*,    considered    tliat    the    steel    medal    presented    to 
iDStitnta    bj   Mr,   Ljungbeig    was    of  eotisiderable    interest^  i 
oaly  a3  showing  that  the  proce&s  nsoalij  applied    to  the  pr(h 
duction  of  steel  dies  was  equally  applicable  to   the  prodnciiim 
of  a  medal.      It  seemed  rather   imfortuuate    that    no   det&ilij 
were  givea  a^  to  the  njanner  in  which   the    njedal    had 
struck*     It  did  not  appear  whether  it  was  Eiinshed  at  a  stngb 
blow  in  the  coining  press,  or  whether   it   had    required  to  be 
subnutted  several  times  to  the  dies,  being  annealed  between  etcli 
operation*     Under  any  circumstances,  it  was,  so  far  aa  be  wu 
aware,  the  first  example  of  a  medal,  whether  of  large  or  small 
size,  struck  in  basic  Bessemer  steeL 

According  to  ancient  historians,  iron  money  was  in  use  ti 
Sparta  and  at  Byzantiumi  but  it  has  been  suggested  that  the 
currency  was  in  the  shape  of  bars  rather  than  of  coins*  At 
present  no  example  of  a  Byzantine  or  Spartan  coin  made  of  iroo 
was  known*  Xor  had  any  been  found  of  Clazomen^  where 
Ariatotle  says  that  iron  money  was  current*  On  the  other  haiid, 
there  existed  an  iron  coin  of  Argos,  of  which  an  electrotype  was 
in  the  British  Museum.  It  was  probably  struck  **  while  the  iron 
was  hot*"     Others  of  Tegea  and  Her^a  had  also  been  mentiotied. 

In  recent  times  in  Japan*  small  coins  had  been  cast  in  iroti, 
representing  the  thousandth  part  of  a  silver  dollar.  ITieir  prin- 
cipal use  was  for  devotional  offerings  or  for  alms  to  beggars.        ^| 

Mr.  Warwick  Weoto,  of  the  Department  of  Coins  and 
Medals  in  the  British  Museum,  stated  that  instances  of  iitin 
being  used  for  coins  were  very  few  in  number,  and  the  estani 
specimens  were  of  extreme  rarity-  The  British  Museum  had 
none  in  its  possession.  The  only  specimens  known  to  the  writer 
were  of  Southern  Greece,  of  the  fifth  or  fourth  century  RC* 
lere  were  also  in  existence  two  iron  coins,  one  supposed  to  be 

^  Hfumum^ic  Ckrimidi^  ISSQ,  N^S,,  rol  xz.  p.  174;  and  Pro^^eiitngt^  3rd  8«i«% 

roL  ii*  p.  ii42. 
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Mr  K  B1IUSEWIX3;  Dii^ecuir  of  the  Sw«dmh  Rajrul  Mint  nt 
'Btockholio,  in  replj  to  a  request  for  funhdr  paxtiGiiluv,  cotnmutii* 
c&ted  the  MIowiog  notes  on  the  method  employed  in  striking  the 
steel  medaL  The  po^hilitT  of  striking  medals  in  this  msterisl 
first  snggestei^i  itself  to  Mr.  LJangberg,  the  manager  of  tbe  Bom* 
itifret  Steelworks,  on  accoant  of  the  extreme  softness  of  tbs 
Bessemer  steel  produced  at  his  works,  when  eontsining  below 
0^10  per  eeot.  of  carbon,  and  he  (Mr.  Ljungtier^)  had  asked  hiru 
liis  opinion  on  the  matter.  He  had  replied  that  tbotigh  no  doubt 
the  eiperiment  wonld  succeed  if  executed  with  sufficient  care,  he 
could  Dot  be  answerable  for  the  dies^  on  account  of  the  liability 
of  the  latter  to  become  worn  or  crushed  in  dealing  with  a  material 
so  much  harder  than  that  uatially  employed  for  striking  medals* 
With  this  reservation  the  experiment  was  made,  with  entirely 
satisfactory  results.  The  steel  medal  was  struck  in  exactly  the 
same  manner  as  other  medals  of  gold^  silver,  or  bronze.  It  Bhouhl 
be  mentioned  that  before  being  placed  between  the  dies,  the  bknk 
was  annealed  and  cooled,  and  then  carefully  washed  and  <lried. 
Afler  one  or  two  blows  in  the  medal  presa,  the  metal  l>ecame  so 
bard  that  it  could  receive  no  further  impression  from  tbs  en- 
gravings of  the  dies,  and  it  was  necessary  to  anneal  and  cool  it 
a  second  time  before  replacing  it  between  the  dies*  This  was 
repeated  three  or  four  times  before  obtftiniiig  a  sharp  and  perfect 
impression  of  the  engraving.  The  number  of  strokes  required 
will  be  found  to  depend  on  the  deptlj  of  the  eiif^'ravini,\  th« 
softness  of  the  metal  used,  &c.  In  striking  a  medal  iu  steel,  the 
material,  of  course,  does  not  so  readily  flow  out  into  the  ent^rav- 
ing  of  the  dies  as  is  the  case  with  bronze,  ijut  in  striking  medals 
with  a  low  relief,  such  as  that  struck  in  celebration  of  Mr<  Ijui^g* 
berg*s  twenty-fifth  anniversary,  the  difference  is  insignifieant. 
Four  annealings  and  as  many  blows  were  found  to  be  sufficient 
for  this  medal,  a  similar  number  of  strokes^  though  less  heavy, 
being  required  for  a  bronaie  medal  of  the  same  kind.  On  finding 
that  no  injury  was  done  to  the   dies  by  applying   the   usual 
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pressure,  a  number  of  steel  medals  were  snbseqaenUy  struck  with 
equal  success.  Open-hearth  steel  from  the  Fagersta  steelworks 
had  also  been  used  for  this  purpose,  and  medals  of  various  sizes 
were  struck  from  this  metal,  as  well  as  from  the  basic  Bessemer 
steel  from  Domnarfvet.  An  interesting  poin^  though  one  that 
might  have  been  expected,  was  that  while  the  niunber  of  anneal- 
ings for  a  steel  medal  with  a  low  relief  was  the  same  as  for  one 
struck  in  bronze  with  the  same  dies,  yet  when  it  was  desired  tc 
produce  a  medal  with  a  very  high  relief,  the  steel  had  to  bt 
annealed  more  often  than  the  bronze.  In  conclusion,  the  resolti 
of  the  experiments  showed  that,  notwithstanding  the  fact  thai 
the  softest  steel  is  much  harder  than  bronze  containing  92  pei 
cent,  copper  and  8  per  cent  zinc,  the  diflSculty  of  striking  stee 
medals  as  compared  with  bronze  medals  was  not  so  very  great. 
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a  i^c^til  paper,  "  The  Theory  of  Solution  of  lf%ui  mmi 
ilcel,'*  *  Baron  J^pttier  stales  that  two  of  the  objfcta  ivf  h\$  ftttuly 
to  poiot  oQt  '*  what  conclusions  th^  present  avtiilAbtv'  t*x|Hiri« 
^ments  promise  to  give,  and  to  iuTite  search  fur  tliote  fiuiila- 
mental  data  which  are  jet  wanting  for  a  vigorous  aniplavmout 
of  theory/'  Any  results  which  in  crease  our  knowlttdgi  of  tht 
heat  of  formation  of  tlie  compounds  of  iron  with  cai*bon  and 
silicon  Will  therefore  be  of  interostt  and  it  m  for  thifl  rouMon  iIniI 
I  would  submit  to  the  Institute  some  t>f  the  n^^ultn  whicli  have 

I  been  obtained  in  this  laboratory  during  the  pant  tbrea  yttkfw* 
In    1897   Mr    F.   Thompson    undortook   a   itiornio-ohetnical 
study  of  iron  and  steel  in  tltia  hibomtory,     Tlio  r*muUM  wliioh 
Mr.  Thompson  alleged  to  have  obtained  ahowod  even  aH  ^'fimt 
a  variation  in  the  heat  of  BolutioTi  of  iron  mid  i»teol  of  vurioiti 
composition  and  meohanicat  or  heat  treatmont  an  thonti  ritpurttid 
^by  Mr.  Osmond^f  on  which  Baron  Jliptnor  hnfli^n  hia  calculatloni 
Band  conclusions.     The   reHnlti!   of    Mr,   Thf»inp.Non'i   work    wnra 
W  published  in  the  autumn  of  1897^  but  almost  ai  ioon  m  piihliAhudp 
i      auspicion  was  aroused  as  to  the  reliability  of  the  fignn'H,  and  u 
** Correction*'  was  therefore  at  once  publiMhod   requesting  that 
judgment  on  the  article  be  withheld  until  we  could  carefully 
review  the  work.     This  review  of  the  work  Wii  bigtin   m  tha 
autumn   of  1897,  and  carried  on   hy  my  Muootlilv«  mnminnUi, 
W,  E-  Hartmau,  C.  Sundatrom,  and  E,  C.  Champion,  working 
mostly  independent  of  each  oiher  during  a  period  of  a  littb 
oTer  twoyear«-    During  this  time  effbrti  ware  mada  ir>  i;ljriiiniil# 
experimenlal  enor«     Ta  thia  end  improvernenta  in  tha  maeha' 
oi^l  detaila  of  tlie  caloriineter  were   ina4«,  tha  corriciion  for 

*  J^wmmiifme  /ran  m<I  MUti  trntUivU,  JSiO,  ]f^  t  p.  t\^ 
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loea  hy  miUatioii  carefully  detenu ined,  as  well  as  tlie  slight  gain  im 
to  tlie  oscidatioQ  of  cuprous  to  cupric  chloride  by  diaaolved  sir. 

The  calorimeter  employed  in  the  work  is  shown  in  the  accom- 
pany in  i;  sketch.  It  consisted  of  four  cou  ecu  trie  beakers  sepanted 
from  each  other  by  two  felt  imd  one  dead  air  space,  the  wKoW 
contained  in  an  outer  jacket  filled  with  water.     The  inner  beake 


contained  at  the  bottom  a  cork  ring  on  which  the  solution  beakef 
(A)  stood;  this  latter  was  prevented  from  coming  in  contact  with 
the  sides  of  the  inner  beaker  by  means  of  three  strips  of  cork  (B), 
which  also  served  to  support  the  lower  cover  (C)»  This  latter 
consisted  of  two  discs  of  liard  rubber  separated  by  about  half  m 
inch  of  felt,  which  projected  just  enough  to  make  a  close  iit  with 
the  inner  beaker.     The  cover,  which  was  provided  with  a  mn 
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iiandle^  was  performted  hj  three  hcAm ;  tiin>iig1l  the  first  wtis 
erted  ibe  Beekmann  tbermometer  (I>X  tuiving  »  nmge  of  six 
\  with  gisdnlioas  in  battdttdlbs  of  a  degree.  Tha>iigb  tlit 
econd  hole  passed  the  iliiTiiig  rod  (E)«  which  could  n?adily  be 
mnected  at  its  npper  end  with  a  piiUej  actuated  by  a  water 
Qotor  imparting  to  it  a  speed  of  130  revolutiotis  per  nimute. 
The  lower  end  of  the  stirring  rod  was  beut  in  such  a  form  as  lo 
impart  a  rotary  motion  to  the  solution,  and  was  piovided  with 
a  number  of  gmall  fingers  (F)  made  of  pure  rubber  cemenlad  to 
the  rod  in  such  a  way  that  they  would  lightly  sweep  the  entire 
bottom  of  the  beaker.  The  extant  to  which  these  fingers  brasbed 
the  bottom  of  the  beaker  was  determined  by  means  of  the  small 
rubber  collar  (G)  attached  to  the  stirrer  jnst  above  the  cover  (C). 
This  device  of  rubber  fingers  brushing  the  bottom  of  the  beaker 
rendered  the  complete  solution  of  the  sample  much  more  rapid 

I  than  could  be  obtained  by  any  other  method  tried.     Tlirough  the 
third  hole  of  the  cover  was  inserted  a  small  funnel  (H)»  the  stem 
of  which  was  cut  to  such  a  length  that  it  dipped  an  inglith  of  an 
inch  below  the  surface  of  the, solvent.    This  funnel  was  provided 
with  a  plunger  (I),  which  made  a  close  tit  with  the  stem  of  the 
I     funnel*      Through  the  funnel   the  sample  could  be  easily  and 
Kquickly  introduced,   the  plunger  serving  to  push  in   the   last 
"particles,  thus  insuring  complete  delivery  of  the  powder  beneath 
the  surface  of  the  solvent  and  avoiding  any  error  due  to  the 
floating  of  any  small  particles.     AH  samples  operatt«d  upon  were 
first  reduced  by  suitable  means,  such  as  filing,  grinding,  or  crush- 
ing, so  that  the  entire  sample  would  pass  a  sieve  of  eighty  meshes 
to  the  linear  iuch.    The  entire  apparatus,  calorimeter,  stock  sola-> 
tions  of  the  various  solvents  employed,  as  well  as  the  balance  for 

^  weighing  out  the  solutions,  was  kept  in  the  baaeineut  in  a 
constant  temperature  room  which  could  easily  be  kept  within 
about  one  degree* 

The  rate  of  loss  by  radiation  was  determined  by  first  placing 
in  the  beaker  (A)  enough  water  to  fill  it  nearly  to  the  full  depth 
employed;  this  was  allowed  to  stand  over  night  until  all  had 
come  to  a  constant  temperature,  the  stirrer  was  then  set  in 
motion,  and  when  the  thermometer  showed  a  perfectly  constant 
reading,  a  stuall  amount  of  warm  water  was  poured  in  by  means 
of  a  drawn-out  funnel,  the  amount  introduced  varying  so  that  the 
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tempemture  of  the  solution  in  the  beaker  was  raised  dms% 
different  experiments  from  0'5°  to  3*5",  by  intervak  of  abtnit 
0"^*  eactu  A  fresh  solutioti  was  employed  for  each  eiperinj^ini. 
and  allowed  to  come  to  a  constant  temperature  before  tbe 
adtiition  o!  the  warm  water*  After  each  addition  of  tlie  w»m 
water,  thermometer  readings  were  taken  each  iiiinute  for  about 
twenty  minutes ;  from  this  series  of  readings  the  mean  rate  d 
loss  by  radiation  was  calculated  for  each  0'1°  difference  beiTae& 
the  initial  and  final  readiogs.  This  rate  of  loss  by  rsidiation  for 
intervals  of  0'5**  between  the  initial  temperature  and  the  thcr* 
mometer  readings  is  shown  in  the  following  table :— 


Differetiee  in  Beiding. 

Lem  par  Hmnle. 

Di-lfneftO. 

D«fre«C. 

0-5 

0*003 

li> 

O't)06 

in 

0D08 

M 

omo 

S'i 

o-om 

M 

O-OlfiO 

in 

0*0180 

Whenever  a  sample  was  dissolved,  readings  were  made  at 
end  of  each  minute,  and  the  total  amount  of  heat  lost  by  radii 
tion  during  the  time  of  solution  was  estimated  and  this  correction 
introduced  in  the  tinal  calculation* 

The  second  correction  due  to  the  oxidation  of  cuproua  cblorii 
to  cupric  chloride  by  dissolved  air  was  determined  by  dissol 
1*135  gramme  of  pure  copper,  the  chemical  equivalent  of  om 
gnimme  of  iron,  and  observing  the  thermometer  readings,  Experi 
ments  showed  that  the  solution  to  cuproua  chloride  was  compiel 
within  three  minutes,  but  owing  to  the  oxidation  of  tbis  cuproi 
chloride  the  thermometer  continued  to  rise  slowly  for  a  loag 
time.  This  rise  of  temperature  amounted  to  0*005°  per  minute 
during  the  first  ten  minutes,  and  then  gradually  fell  offy  until  at 
the  end  of  twenty  minutes  it  was  only  about  one  half  this  rate. 
Since  almost  all  samples  of  iron  and  steel  operated  upon  required 
much  less  than  ten  minutes  for  complete  solution,  the  correction 
for  oxidation  of  cuprous  chloride  to  cupric  chloride  became  pro- 
portionate to  the  time  of  solution.  The  solution  of  ammonium 
or  potassium  cupric  chloride  employed  was  nearly  aatuiated, 
containing  300  grammes  of  the  crystallised  salt  per  litre. 
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The    most    important  discovery   made   was  that    ofystalilaad 
rbide  of  iron  is  practically  nnacted  upon  by  a  ueutml  solution 
lof  either  ammonium  or  potassium  cupric  chloride,  aud  that  the 
[>lubility  of  the  carbide  is  increased  with  the  tinenass  of  BUb* 
li vision.     If,  however,  the  solution  of  ammonium  or  potassium 
^eupric  chloride  contains  less  than  one  per  cent,  of  free  liydro- 
tiloric  acidj  the  carbide  of  iron,  even  though  coarsely  crystallinej 
[will  dissolve  completely  within  two  minutes.     Messrs.  Unrtnian, 
[Sundstrom,  and  Champion  agreed  in  all  their  results  within  the 
{limits  of  ejcperimental  error,  and  the  outcome  of  their  investi- 
gations was  the  publication  by  the  author  of  a  short  paper  on 
the  the rmo -chemistry  of  iron  and  ateeh*      The   results    given 
H'below  have   been   carefully  verified,  and   will,   I   think,   stand 
^critical  examination  without  being  found  far  from  the  truth. 

When  iron  is  dissolved  in  ammonium  or  potassium  cupric 
chloride  in  a  calorimeter,  solution  is  complete  and  the  tempera^ 
ture  becomes  constant  only  when  all  the  copper  is  in  soliition 
either  as  cuprous  or  cupric  chloride ;  the  solution  of  iron  in 
cupric  chloride  must  therefore  be  represented  by  the  following 
^  thermal  equation : — 


F*+ (2  X  e2,n0)=»»,»5O+  (2  X  S2JT5) 
or  40^2SO'r5€=7l9'3  nloriei  for  eMb  one  gmmme  of  Irtm.  f 


In  our  work,  the  the  rmo  me  trie  readings,  carefully  corrected  for 
loss  by  radiation  and  gain  by  oxidation  of  cuprous  chloride,  were 
reduced  to  calories  on  the  assumption  that  one  gramme  of  annealed 
pure  iron  evolved  719'3  calories  on  being  dissolved  in  ammonium 
or  potassium  cupric  chloride. 

In  all  the  calculations,  which  depend  upon  the  published  heats 
of  formation  of  cupric  chloride,  cuprous  chloride,  ferrous  chloride, 
manganoua  chloride,  phosphoric  acid,  hydrochloric  acidi  water 
and  silicic  acid,  the  figures  used  are  those  given  in  Thomsen's 
Thermoche^iische  UfUersucku^i^in,  with  the  exception  of  silicic 
acid,  in  which  <^se  the  value  given  by  Osmond  |  has  been  adopted* 
In  case  subsequent  investigations  require  any  change  in  these 
fundamental  data^  our  figures  would  have  to  be  changed  propor-* 
tionately. 

t  Tbumi^a  ■  Tkaim3t^*mimhe  Ufdfrni^mnffm»  vol.  1%  p^  Wf, 
t  Op«tpi«i  Stndm^  rat  etiit  fk  4|Bw 
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The  heat  of  formation  of  carbide  of  iron  was  determined  by 
operating  on  the  pure  carbide  j  the  carbide  used  for  th^  work  wis 
obtained  hj  electrolytic  solution  of  carefullj  annealed  steel.  Il 
consisted  of  a  steel-grey  powder  free  from  mechaDicalljr  miidd 
carbon,  and  contained  by  analysis  6 '6 4  per  ceut,  of  carbon  mi 
93"30  per  cent  of  iron,  thus  being  almost  chemically  pure;  b 
aU,  155  grammes  of  this  carbide  were  separated  in  this  labonLtorj 
and  its  properties  determined.  A  detailed  descriptioa  of  tbis 
carbide  has  been  published* 

In  all  the  calorimetric  experiments  the  sample  used  was  om 
gramtue.  Experiments  were  made  to  determine  the  solubility  oi 
pure  carbide,  with  the  following  results.  When  pure  carbid* 
was  added  to  a  neutral  solutioti  of  ammonium  eupric  chloride  ui 
the  calorimeter,  there  was  no  appreciable  action  on  the  carbide 
When  added  to  neutral  potassium  cuprie  chloride^  there  was  rerj 
sHght  action,  if  any,  the  thermometer  rising  0^05**  in  five  minuki 
A  similar  result  followed  when  the  carbide  was  added  to  t 
neutral  saturated  solution  of  mercuric  chloride.  When,  how- 
ever, the  ammonium  cuprie  chloride  was  acidified  with  0*11  pii^| 
cent,  of  hydrochloric  acid,  there  was  marked  action,  but  still^ 
incomplete.  When  the  amonnt  of  free  acid  was  increased  to 
0-46  per  cent.,  solution  of  one  gramme  of  carbide  was  compl 
in  three  minutes  with  an  evolution  of  624*1  calories.  When  ow 
gramme  of  the  carbide  was  added  to  a  solution  of  potassium  cupi 
chloride  containing  0^84  per  cent,  of  free  hydrochloric  acid,  aoli^ 
tion  was  complete  in  two  minutes  with  an  evolution  of  623'9j 
calories.  On  adding  one  gramme  of  the  carbide  to  pure  watei 
containing  084  per  cent,  of  free  hydrochloric  acid,  very  UttM 
action  resulted,  the  rise  in  temperature  being  0*07*  in  tea 
minutes.  The  above  results  show  the  necessity  of  having  sotiil 
free  hydrochloric  acid  present,  but  not  enough  to  act  aa  frm 
acid  directly  on  the  metal,  if  rapid  and  complete  solntion  is  m 
be  obtained*  From  the  number  of  calories  obtained  by  dissoLn 
ing  one  gramme  of  the  pure  carbide  in  acidified  ammonium  n 
potassium  cuprie  chloride,  the  heat  of  fori  nation  of  the  pufj 
carbide  is  readily  obtained.  One  gramme  of  carbide  contains  0'93| 
gramme  of  iron,  which  would  evolve  0"933  X  719*3  =  67 1"1  cald 
ries.  The  absorption  of  heat  necessary  for  the  decomposition  m 
•  Ameriean  Chemicai  jQiimtU,  vol.  itiii.  p.  836.  I 
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le  gramme  of  carbide,  which  absoiptioa  must  represenl  its  heat 

if  forniAtioo,  would  therefore  be  671  1  ^624*1  =47  ealoriss  in 

ie  case  of  ammoDium  cupric  chloride,  or  671*1— 628*9  ==42 '2 

%loTies  in  the  case  of  potassium  cupric  chloride.      The  difierenoQ  ^ 

Btween  these  two  determinations,  47  —  42"2sj4'S  caloriesi  at 

[first  seems  rat)ier  large,  but  wlieo  we  consider  that  tiiis  dtfiTeretifie 

■IB  on  a  total  eYoIution  of  over  600  ealoriea,  the  pertseiitag^  ozror 

reduced  to  about  0-7  per  cent  of  the  total,  representing  a  rise 

lof  0  020""  in  the  calorimeter,  and  the  lesnlts  must  be  considered 

fairly    satisfactory.      If  the   higher  figure,   47   calories,   is 

iofitcii  as  the  heat  of  formation  of  one  gramme  of  carbidep  tlieu 

the  heat  of  formation  of  the  gramme  molecule,  represeuted  by  the 

^equation  C,^  +  3  Fe,  =  (CFe^)^  would  be^ — 


11x47 

eiS6e4 


=fi  MM  etlarioa. 


^ 


If  the  heat  of  formation  of  carbide  of  iron  amounts  to  but  47 
calories  per  gramme  of  carbide,  then  the  heat  of  solution  of  pure 
iron  or  steel  should  not  be  changed  much  by  heat  or  mechanical 
treatment  of  the  sample,  unless  the  metallic  iron  undergoes  an 
allotropic  change,  accompanied  by  large  absorption  or  evolution 
of  heat.  To  test  this  latter  point  experiments  were  made  on 
the  heat  of  solution  of  cold-drawn  irou  wire,  and  of  the  same 
wire  annealed  in  a  stream  of  hydrogem  The  wire  employed 
had  the  following  composition ;— Carbon,  0*018;  manganese, 
O'OOO;  phosphorus,  0'050j  sulphur,  0^013;  silicou,  0'023. 
The  wire,  drawn  to  a  diameter  of  0*22  millimetre,  and  existiug 
according  to  the  allotropic  theory  in  the  beta  form,  had  a  ten- 
sile strength  of  135,520  lbs.  per  square  inch.  After  annealing 
in  hydrogen,  when  the  iron  had  assumed  the  alpha  form,  the 
tensile  strength  had  fallen  to  58,940  lbs. 

On  dissolving  samples  of  one  gramme  each  of  the  cold^drawn 
wire,  the  following  results  were  obtained  with  ammonium  cupric 
chloride  containing  0^84  percent  of  free  hydrochloric  acid,  719*3 
calories,  with  potassium  cupric  chloride  containing  the  same  amount 
of  free  acid,  718*6  calories  with  one  solution,  and  with  a  solu- 
tion made  at  another  time  720*1  calorieSt  On  dissolving  one* 
gramme  samples  of  the  wire  annealed  in  hydrogen  iii  rum 

cupric  chloride  containing  0'84  per  cent  of  hydro<-j  id, 
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7l9'3  calories  were  evolved;  thia  would  indicate  that  the  hmid 
aohition  of  pure  iron  is  very  littlej  if  any,  influeneed  by  medtt- 
nical  treatnieDt, 

The  next  sample  was  a  soft  steel  of  the  folio  wing  eompoa- 
tion  :^— Carbonj  0*09;  manganese,  022;  phosphorus,  0-016; 
sulphur,  0  0 23  ;  silicon,  O'OOO.  This  ateel  was  first  anoe^lid 
by  cooling  slowly  from  about  lOOO"*  C,  Small  bars  about  hilf 
an  inch  in  diameter  were  then  heated  to  lOOO*'—  1023''  C  aa^ 
hardened  by  dropping  them  into  ice-water*  The  average  of  tk 
results  obtained  by  dissolving  in  ammonium  cupric  chloride  ooo* 
taining  084  per  cent  free  hydrochloric  acid  gave  for  the  anne&lej 
metal  718'8  calories,  and  for  the  metal  quenched  from  1000*  C^ 
720*4  calories.  On  dissolving  in  potassium  cupric  chloride 
containing  08  4  per  cent  of  free  hydrochloric  acid,  the  aooealeJ 
metal  gave  719*9  calories,  and  the  hardened  718*3  caloriei 
The  variation  of  all  these  figures  is  within  the  limits  of  esperi- 
mental  error.  Heat  treatment  does  not  seem  to  have  any 
appreciable  influence  upon  the  heat  of  solution  of  nearly  pure  iron* 

Experiments  were  next  made  with  a  high  carbon  steel  oon- 
taining  carbon,  1'22  j  manganese,  0*780;  phosphorua,  0'09S; 
Bulphuri  0*068;  silicon,  0"058,  This  steel  was  anneided  and 
quenched  in  the  same  manner  as  the  preceding  sample.  TEe 
number  of  calories  obtained  on  dissolving  one -gramme  samplea 
of  this  steel  in  neutral  and  acidified  solutions  are  given  in 
folio winfj  table : — 


SolutioQ  used. 

Qti«iiclied. 

Aati««led. 

Neutml  smmonmin  cup  He  ohbiide 
Neuiml  pdUAstuiu  cufiric  chloHde 
Aai4ifi«d  kmmumiim  cupric  ckloriiia 
Amtlified  poUMium  coprlc  chloridB 

7003 

707  1 
7031J 

6621 

0284 
7123 

70fl7 

SB, 

-3^         1 

I 
i 


This  table  brings  out  some  interesting  facts.  It  will  he 
noticed  that  when  dissolved  in  neutral  solutions  the  quenched 
metal  evolves  very  mnch  more  heat  than  the  annealed,  a^reeiiig 
in  thia  with  the  results  reported  by  Osmond.  The  difierenoe 
between  the  calories  evolved  by  the  quenched  and  the  annealed 
samples  is  not,  however^  due  to  the  absorption  of  heat  necessary 
to  decompose  the  carbide  of  iron,  as  assumed  by  Baron  Juptner 
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his  paper,  but  simply  to  incomplete  solution  of  ibe  carbide 

present  in  the  annealed  steel.     That  thia  is  the  case  was  shown 

by  rapidly  filtering  the   neutral  eolation  after  action  was  ap- 

irantly  over,  and  the  calorimetric  resull^  obtained,  when  enough 

'undissolved  carbide  was  found  to  account  for  the  loss  in  heat 

^     While  the  heat  of  solution  of  the  queuched  samples  in  neutral 

^nolution  is  much  higher  than  that  of  the  annealed ,  it  is  still  not 

t     quit<j  as  high  as  when  dissolved  in  acidi6ed  solution*     The  lower 

,  heat  of  solution  of  the  queoched  samples  as  compared  with  that 

^f   the    annealed    when    dissolved    in    acidified    ammonium    or 

otassium  cupric  chloride  will  be   readily  understood  from  the 

sultSp  obtained  by  the  author  with  S,  C.  Babcock,  published 

in  a  paper  entitled  "Further  Study  on  the  Influence  of  Heat 

Treatment  and   Carbon   upon   the   Solubility  of  I'hospborus   in 

Steel."  •    In  this  paper  we  showed  that  if  the  percentage  of  carbon 

■in  steel  was  low  (O'lO  per  cent),  heat  treatment,  annealing,  or 

'quenching  from  various  temperatures  up  to  1000''  C,>  did  not 

greatly    vary    the    proportion    of   phosphorus    soluble — that  is, 

oxidised  to  phosphoric  acid  when  treated  with  mercuric  chloride 

» containing  one  per  cent  ot  free  hydrochloric  acid.      83  per  cent 
of  the  phosphorus  present  in  the  annealed  metal  was  dissolved, 
while   60   per  cent   was  the  minimum  amount  soluble  in  the 
quenched  samples.     When  the  same  specimen  of  steel  as  the 
^  high  carbon  steel  under  discussion,  with  1*22  per  cent  of  carbon, 
H  was  treated  with  acidified  mercuric  chloride^  all  of  the  phosphorus 
'     in  the  annealed  sample  was  oxidised  to  phosphoric  acid,  whereas 
in  similarly  treating  a  sample  quenched  from  1023°  C,  83'3 
per  cent,  of  the  phosphorus  remained,  combined  with  iron  as  an 
insoluble  residue.    From  numerous  experiments  in  this  laboratory 
we  have  every  reason  to  believe  that  acidified  solution  of  mercuric 
chloride  and  ammonium  or  potassjtim  cupric  chloride  have  prac- 
tically  the  same  solvent  action  on  the  compounda  of  iron.     From 
the  equatio 
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or  ]S6;B0l>4-43sai4'S  «ftl»nai  for  000  icrmnitt*  «f  fllo»]ilioriui  oiMiMid  to 


ginc^  this  Steel  eontaiiu  0'098  per  eeot  of  phoipboni 
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83*8  per  cent  U  i&solitble  in  tht  quenched  sample.    The  amottafl 
of  iujolahle  phoepbortifl  mould  be  0^00098  gimmme  x  0'838=fl 
'  O'0O0B2  gramine,  which  would  have  eToh'ed*  had  tt  been  oitBind 
to  phosphoric  add,  0^00082  x  2556*5  =  2*1  calories,      Thb  phi^l 
phoms  moat  have  been  cooibmed  with  mm  which  did  Bot  an- 
solve,   thus  stiU  further  diminishing  the   heat   evolved   bj  ik 
quenched  sample.    Assmning  this  mm  to  he  the  xnJDimum  amoosi 
in    known    phosphide^  ^^i^^t   ^^^^  0*00082    gramnje    of  phos- 
phorus would  be  combined  with  00 02 2 2  gramme   of  iron,  t^ 
sufficient  to  evolve  0*00222  x  719*S=  1^6  calories,  thus  we  m 
that  the  minimum  loss  of  heat  in  the  quenclied    sample  would 
'  be  at  least  2  1  +  16  ^  S'7  calories.     That  is,  if  the  carbjtks  of 
iron  are  not  decomposed  when  this  metal  is  heated  aboTe  600 
before  qnenchipg,   the   heat   evolved   bj  the   quenched 
should  be  at  least  3*7  calories  less  than  that  evolved  &om, 
annealed  specimen. 
-      The  heat  of  solution  of  a  sample  of  No.  5  charcoal   pig  ii 
was  next  determined*     The  solvent  used  was  ammonium  cu 
chloride  containing  0'84  per  cent  of  free  hjdrochlorie  acid 
mm  had   the  following'   composition : — ^Graphitic   carbon,  1  26 
combined  carbon,  2  31 ;  silicon,  0*363;  phosphorus,  0*271  ;  m; 
I  ganeae,  0*010  ;  and  total  irou,  95 '766.     After  dissolving 
t  sample   in   the    calorimeter,  the   solution  was  filtered    and   t 
I  amount  of  undissolved  iron  and  phosphorus  determined.      Froi 
f  these  data  the  theoretical  heat  of  solution  could  be  calculai 
I  and  compared  with  the  results  actually  obtained.     The  first  one- 
gramme  sample  of  this  iron  on  dissolving  gave  6d7'2   calories; 
the  insoluble  residue  contained  0-47  per  cent  of  iron  and  Oi2i 
^  per  cent  of  phosphorus.       The  dupUcate  determination  guyi 
'  695"!  calories,  with  0*44  per  cent  of  iron  and  0*123  per  cent 
phosphorus  in  the  residue.    The  manganese  and  silicon  are  oxidisedt' 
and  pass  into  solution  as  mauganona  chloride  and  silicic  acid. 
If  the  cal or i metric  results  actually  obtained  from   the   high 
learbon  steel  and  the  charcoal  pig  iron  are  compared  with  the 
theoretical  amount  of  heat,  it  is  possible  to  obtain  approximately 
the  amount  of  heat  required  for  the  decomposition  of  the  carbides 
present.     From  the  equation — 

^^  Mti+(2xe2,7l0)=l3S,O0OM(2x3a,g?5K 

^H|  Of  68,S3(l^5&= 1242*3  c&larie#  for  one  gramme  of  mA(igmn«Ae. 


I 


Cl.EBmE3  AND   SIUCTDES  OF  IRON. 


221 


?or  ^ch  one  gmmme  of  silieoD  preseot  in  imn  them  would  be 
rolved  29037  caloriea.  This  figure  is  taken  as  the  result  ex- 
mmentally  obtained,  as  explained  in  the  Utter  part  of  this 
iper.     The  theoretical  amount  of  iieat  evolved  by  one  gramnie 

»f  liigh  carbon  steel  may  be  calculated  ad  follows : — 

0'f777S)C  7lt'3=70a'S  eilmM  for  Ihe  iron, 
OiNX>98K2S{MS'5=     2i$  oalorl«  for  the  phoaphonvj 
SHOTS  Kl343'3=     ^"7  oftWriei  far  the  iDftngnntie, 
OiM)0fi8x300S7=     1*7  caloneA  for  the  ■ilicou, 
or  »  tot»l  of  717  2  calorieL 

The  duplicate  determinations  in  the  calorimeter  gave  712'9  and 
'711  "7,  We  thus  have  the  differences  between  these  latter  and 
tlie  theoretical  amount,  717'2  — 712^9  =  4*3,  in  one  case  and 
[  717'2  — 711*9^5'5  calories  in  the  duplicates  for  the  amount 
of  heat  required  for  the  decomposition  of  the  carbides  present, 
If  the  r22  per  cent  of  carbon  in  this  steel  existed  as  a  carbide 
(CFe^)^,  it  would  he  equivalent  to  122  x  15  =  18  3  per  cent, 
and  if  the  heat  of  formation  of  one  i^ramme  of  carbide  is  47 
calories,  the  decomposition  of  18'3  per  cent*  would  require  an 
I  absorption  of  0*133  x  47  =  8*6  caloriea.  This  is  an  amount  some- 
what larger  than  that  found  experimentally,  4'3  and  5'5,  but , 
might  not  be  regarded  as  indicating  anything,  if  it  were  not  * 
considered  in  connection  with  the  results  obtained  from  charcoal 
piir  iron.  The  theoretical  heat  of  solution  of  this  latter  may 
be  calculated  like  that  of  the  steel  as  follows  from  the  Brst 
sample : — 

0^206 X  719"3  -68S-5  onbrio*  for  the  iroo, 
0iK)145  X  2656 "5=    37  oftlori*B  fm  the  plioiphonw. 
0*0001    X 1242-3^     0-1  cnlorifii  for  the  iDAiigtnoie. 
0  00^3  X  290S7-  11 '4  emlotiee  for  the  illkon. 
Total  cnlculftted  hent,  7007  oalorJet. 

In  this  only  700'7 —697*2  =  3^5  calories  are  absorbed  in  the 
decomposition  of  caroidt^s  present.  The  dujdieate  calculated  in 
the  same  way  showed — 

0-95326  x  71 9 '3^  ess  7  OBloriea  for  the  if  on. 
O'OOiiS X  2653-5=     ZB  mi^Tiem  for  th«  pbo«iphon]j. 
0*0001   X 1242 "3=     0*1  oalorte*  for  the  niftngftttese. 
0 '00383x2903 7=  11 '4  oaloriw  for  the  liljcon. 
Totftl  fl&kmlnted  faett,  701*0  CAloriofl. 
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This  would  give  701"0— 695*1  =5*9  calories  for  the  deoompM 
tion  of  the  carbide.  This  pig  iron,  however,  oontains  3'3MH 
cent,  of  combined  carbon,  eq^aivalent  to  2'31  x  15  =  34*6pfH 
cenu  of  carbide.  If  all  of  this  carbide  had  the  same  heftl  m 
foTEiation  m  the  pure  carbide,  obtained  from  the  pearl  ite  dt 
aniiealed  steel,  its  decomposition  would  require  0  3465  x  47  ^  16'S 
calories.  This  latter  figure  is  so  much  higher  than  the  absorp* 
tion  eicperimentally  obtained  for  3*5  and  5^9,  aver%*ing  4*7 
calories,  as  to  be  outside  of  the  lioiit  of  experimental  erfor ;  it 
would  indicate  that  the  heat  of  formation  of  the  free  cemeisli&e 
is  much  lower  than  thfit  of  pearlite  carbide. 

If  we  calculate  the  micrpgraphic  composition  of  the  higli 
carbon  steel  and  the  charcoal  pig  iroo,  following  Sanveuis 
formula  as  quoted  by  Baron  Jiiptner,  the  amount  of  pearli&e 
carbide  and  of  free  cementit^  iu  the  two  samples  can  be  approxi- 
matelj  determined ;  and  assuming  the  pearlite  carbide  requires 
47  calories  for  the  decomposition  of  one  gram  me,  the  amounl 
required  for  the  cemeutite  can  be  found.  Considering  first  the 
high  carbon  steel,  1*22  per  cent*  of  carbon  would  be  equiv^&leni 
to  1*22  X  15  =  1S'3   per  cent,  of  carbides;  the  free  iron  eqntk 

100 

100  —  18-3  =  81-7;  pearlite  equals  g^  x  81'7  =  92-8  |  ceaieiitil 
equals  100  —  92*8  =  7*2  per  cent;  pearlite  carbide  equaJ 
18-3 -7-2  ^111  per  cent  The  IM  per  cent,  of  i>earlil 
carbide  would  require  for  its  decomposition  0*111  x  47=^ 5* 
calories » that  is,  no  heat  was  required  for  the  decomposition 
the  7 '2  per  cent,  of  cementite* 

In  a  similar  way  the  amount  of  pearlite  carbide  and  of 
cementita  in  the  charcoal  pig  iron  may  be  determined.  Befoi 
determining  the  amount  of  free  iron,  however,  we  must  rn 
allowance  for  the  iron  combined  with  the  silicon  and  the  phos- 
phornSf  and  for  the  graphitic  carbon.  The  silicon  would  be 
equivalent  to  2"68  per  cent,  of  the  siUcide^  and  the  phosphorus 
to  0*95  per  cent  of  the  phosphide.  Thus  in  calculating  the 
micrographic  composition  we  have  the  snra  of  the  pearlite  and 
the  cementite  equal  to  100  —  4"89  =  95'11  per  cent.;  the  2*31 
per  cent  of  combined  carbon  would  be  equivalent  to  2"31  x  15 
=  34'65  per  cent,  of  carbides.    The  free  iron  is  95'1 1  —  34*66  = 

100 
60  46  per  cent.;  pearlite  equals  -^  x  60"46  =  68-70  ;  cementite 


fo!« 
aid! 
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luala  95'11  —  68"70  =  26"41  percent.;  pearlite  carbide  equals 

14*65  —  26*41  =  8*24  per  cent.     If,  aa  in  tlje  previous  case,  the 

ikrlite   carbide   has   a   heat   of  formation   of   47    calories    par 

ramme,  then  the  heat  required  for  the  decomposition  of  8"  2  4 

'per  cent,  would  be  0*0824  X  47  =  3"9    calories,      The  average 

fc    absorption  of  heat  found  was  4'7  calories.     Thus  again  it  is  seen 

L    that  very  little  if  any  heat  is  required  for  the  decomposifcion  of 

t     the  2 6 '41  per  cent,  of  cement ite.     While  the  above  evidence  is 

I     not  sufficient  to  be  concluaivej  it  would  point  very  strongly  to 

the  probability  that  free  cementite  is  not  a  definite  cry  stall  ised 

carbide  of  iron,  but  a  solid  solution  of  carbon  in  iron*     Further 

I     evidence  pointing  toward  the  same  conclusion  that  cementite  is 

not  a  definite  carbide,  but  a  solid  Bolution  of  carbon  in  iron^  may 

be  found  from  a  study  of  the  unsaturated  hydrocarbons  when 

I     the  metal  is  dissolved   in  hydrochloric  acid.     The  results  which 

Bbave  been  obtained  in  this  laboratory  are  not  as  yet  sufficiently 

Hconclnsive  to  warrant  publication. 

H      If  we  ejEamine  a  few  of  the  results  quoted  by  Baron  Jtiptner, 
Hwe  shall   find  some  apparent  inconsistencies   that  are  hard  to 
understand  on  any  hypothesis  other  than  that  the  results  ob- 
tained  by  Osmond  do  not  show  tlie  true  heat  of  solution  owing 
B.I0  the  fact  that  he  employed  neutral  instead  of  acidified  solution 
"  of  ammonium  cupric  chloride    in    his  calorimeter.     According 
L  to  the  alio  tropic  theory,  beta  or  gamma  iron  evolves  more  heat 
Bon  solution  than  the  same  weight  of  iron  in  the  alpha  condition. 
'     Also  the  allotropic  theory  assumes  decomposition  of  the  carbides 
at  the  critical   points  into  dissolvei}  carbon,  while  the  iron  is 
transformed  from  the  alpha  intci  the  beta  or  the  gamma  con- 
dition, according    to  the    temperature    to  wkich    the    metal    is 
heated   before  quenching.     Again,  in  the  allolTopic  theory  the 
function  of  the  carbon  is  to  retard  the  passage  of  the  gamma  or 
beta  iron  into  the  alpha  form,  thus  inducing  the  hardness  of  the 
metal  on  qnenchtng.      In  considering  sample   No.    3,  a  steel 
containing   1'17  per  cenL  of  carbon,  Baron    Jriptner  ealculalei 
that  the  theoretical  beat  of  aolottODf  Cdnsidering   the  lepfirate 
elements  of  Ibe  ateel^  woeJd  be  671*6  calories,  if  no  heat  wero 
reqniied  for  tbe  decompotttbn  of  mnj  at  the  coiiipoimd«  present  ] 
In  his  oUenkdona  hd  baa  aMnnied  tbe  beat  of  solution  of  one 
granule  of  pitni^  preaitntaUy  alphiw  troct  to  be  667  6  caloriaa;! 
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the  heat  of  aolutioa  of  this  steel  in  the  aniiealed  form  ht  ^vnm 
83  591 '8,  and  attributes  the  difTerence  between  the  calmlilifl 
aQd  observed  figures,  671"5  — S91'8  =  79-7  calories,  U>  the  h« 
required  for  the  deeompositioti  of  the  carbides  present.  U,  hsH 
aver,  we  examine  the  heai  of  solution  of  this  same  saii4^H 
ateel  qneuched,  it  is  bard  to  account  for  the  value  641*5  isdl^| 
given  by  BaKJn  Jiiptner,  According  to  the  alio  tropic  tfaecajj 
this  quenched  steel  should  consist  of  gamma  iron  not  ooia^H 
with  carbon,  and  therefore  the  heat  of  solution  of  thia  mtfl^ 
should  be  somewhat  higher  than  the  amount  calculated  fraoi  tbl 
free  elements,  instead  of  which  it  is  671*5  —  641 '5  ^30  caions 
less  than  the  calculated  amount.  This  absorption  of  30  calonai 
could  be  accouttted  for  only  on  the  assumption  that  the  quectcbai 
metal  still  contains  carbides  which  require  the  30  caloric  or 
more  for  tlieir  decomposition.  The  same  inconsistenoy  will  hi 
noted  in  sample  No.  4.  In  this  case  the  heat  of  solution  calcula&fid 
from  the  elettients  is  given  by  Baron  Jiiptner  as  646*2  caimififl^ 
and  that  found  for  the  anuealed  metal  442  1  calories,  showing  i 
difference  of  204*1  calories  absorbed  in  decomposing  the  carbide^ 
instead  of  104'1  aa  calculated  by  Barou  Jiiptner  from  ihe  sami 
figures.  This  latter  error  of  100  calories  is  involved  in  all  of  hil 
subsequent  calculations  on  this  particular  sample.  This  esat 
iron,  like  the  No*  3  steely  if  quenched,  would  consist^  according' 
to  the  allotropic  theory^  of  t^auima  iron  with  dissolved  carbon,  siui 
should  have  a  heat  of  solution  equal  to  or  greater  than  tb&t 
calculated  from  its  constituent  elements.  The  result  reported 
by  Baron  Jiiptner  for  the  heat  of  solution  of  the  quenchad 
metal  is  508-4  calories,  or  646'2 —  508*4=  137'8  calories  lee 
than  the  calculated  amount.  This  latter  amount^  137*8  calories, 
may  be  attributed  to  heat  required  for  the  deconi position  of 
carbides  still  existing  in  the  quenched  metal;  but  from 
behaviour  of  neutral  amniouinm  cupric  chloride  toward  pure 
bide  of  iron  as  describe"  t  in  the  early  part  of  this  paper,  it  can: 
but  be  felt  that  the  wide  variation  in  the  results  obtained 
Mr*  Osmond  is  not  due  to  absorption  of  heat  for  the  decompofii 
tion  of  the  compounds  of  iroUj  but  was  simply  due  to  the 
incomplete  chemical  reaction  in  his  calorimeter.  If  it  is  trut 
that  neutral  ammonium  cupric  chloride  gives  incomplete  solutioa 
of   iron  or  steel   in  a  calorimeter,  the  whole  series  of   fesultl 
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repotted  by  Mt»  Osmond  would  be  without  value,  and  theoretical 
dedactioii  therefrom  useless* 

The  heat  of  formatioa  of  the  silicide  of  iron  (SiFe^j)^  may  be 
I  calculated  from  some  of  the  data  used  for  a  paper  published 
^B|r  the  author,  with  W.  E,  HartmaD,  on  tbe  influence  of  silicon 
Hb  the  heat  of  solution  of  coke  cast  iron.*  Tlie  sampled  em- 
Ppbjred  in  this  work  varied  iu  their  silicon  content  froru  0*89  to 
13'63  per  cent, ;  the  amount  of  silicon  in  the  pure  silicide  with 
Ibe  formula  (SiFey),^  being  14*46  per  cent.  Complete  analyses 
of  the  various  samples  were  made,  and  after  each  experiment  in 
the  calorimeter  the  solution  was  filtered,  and  the  amount  of  iron 
phosphorus  in  the  undissolved  residue  determined :  all  of 
mangaiiese  and  silicon  is  oxidised  to  manganous  cidorlde  and 
acid«  From  those  data  we  can  calculate  the  amount  of 
due  to  the  iron,  phosphorus,  and  manganese  dissolvedj  and 
lUam  thus  by  difference  the  heat  due  to  the  oxidation  of  the 
dlicoti  in  the  sample.  The  results  of  this  series  of  experimenta 
diowed  that  when  the  amount  of  silicon  was  sufficient  to  set 
pa^cdcallj  all  the  carbon  free,  the  heat  of  solution  increased  in 
Ion  to  the  amount  of  silicon  present  up  to  11*V9  per 
it.  When  the  silicon  reached  13*63  per  cent,  the  solvent 
iplojre^  ammonium  cupric  chloride  containing  0'84  per  cent. 
oC  free  hydrochloric  acid,  reacted  so  slowly  as  to  be  unsuited  for 
metric  determinations, 
B  calculating  the  amount  of  heat  evolved  by  the  oxidation  of 
silicon,  only  those  samples  of  iron  containing  more  than  4 
ceot.  of  silicon  have  been  selected.  The  two  reasons  for  this 
jtion  are,  first,  because  this  amount  of  silicon  insures  practical 
ce  of  combined  carbon,  and  therefore  eliminates  any  uncer- 
tBslied  on  account  of  the  heat  of  formation  of  the  carbides ; 
■eeofid,  because  the  larger  the  percentage  of  the  silicon,  the  less 
m  experimental  error  multiplied  in  calculating  the  amount  of 
hett  evolved  per  gramme  of  silicon. 

The  first  iron  selected  was  a  sample  of  lio.  2  soft  cast  iron 
hmwmg  the  following  composition : — Graphitic  carbon,  3*037  j 
fihcooi  4*15  ;  phosphorus,  1  *174  ;  manganese,  0*708  ;  iron,  90^30, 
OiMi  gramme  of  this  gave  in  the  calorimeter  769"6  calories,  with 

il'95  per  cent,  of  iron  and  0'733  per  cent,  of  phosphorus  in  the 
^V  *  Jmirnal  qfike  Am&rican  Chemical  Sockty^  voL  xx,  t>.  €^0.  1 

^901.— i.  p  I 
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insoluble  residue.     The  amount  of  heat  calculated  for  the  iron, 
phosphorus,  and  manganese  dissolved  would  be 

0  •>73r>    •    7 1 9  -3  =  62>  -3  caloriM  for  the  iron. 
OiH.»44l  .  2.Vi<>  5=   11-3  cnlories  for  the  phosphorus. 
0  i.«>70^     1242-3=     8*8  caloriet  for  the  nuuiganeae. 
Total,  *>4S'4  calories. 

Thus  we  find  048*4  calories  due  to  the  solation  of  the  iron, 
phosphorus,  and  manganese,  while  the  result  obtained  in  the 
calorimeter  was  709*0  calories.  The  difiference,  769*6  — 64S-1 
=  121*2  calories,  must  have  been  due  to  the  oxidation  of  O'CUU- 
gramme  of  silicon.  This  would  give  121"2-=-0*0415  =  2920'5 
calories  for  one  gramme  of  silicon  oxidised  to  silicic  acid. 

Tiie  second  sample  was  silver-grey  cast  iron — graphitic  cark'D, 
2*922;  silicon,  4*o9 ;  phosphorus,  1'375 ;  manganese,  0'972; 
iron,  89*20.  One  gramme  dissolved  gave  765*6  calories  with 
3*070  per  cent,  of  iron  and  0*821  percent,  of  phosphorus  in  the 
insoluble  residue.  Tiie  theoretical  heat  for  the  iron,  phosphorus, 
and  manganese  dissolved  would  be — 

0\<t)13   X   719*3=:  019*5  calories  for  the  iron. 

0  lX».x)4  V  2550*5  -  14-2  c^dories  for  the  phosphorus. 

0\X)ti72  s  1242  3=  12  1  calories  for  the  manganese. 

Tutal.  045*8  calories. 

We  thus  have  the  ditlerence  between  the  observed  result  and 
the  amount  calculated  for  the  iron,  phosphorus,  and  manganese, 
705*0  —  04r»-s  =  1  1  <J*S  calories  due  to  the  oxidation  of  0*04G9 
gramme  of  silicon.  This  would  give  119*8-t-0*0469  =  2554*i> 
cal'iies  for  one  gramme  of  silicon  oxidised. 

The  third  sample  was  silver-grey  cast  iron — silicon,  0*16; 
phosphorus,  1*424:  manganese,  1*052;  iron,  88*30.  One 
gramme  dissolved  gave  820*4  calories  with  3*56  per  cent,  of 
iron  and  U'Sus  p^r  cent,  of  phospliorus  in  the  residue.  The 
theoretical  heat  tor  the  dissolved  iron,  phosphorus,  and  man- 
ganese Would  be — 

o 

0-.'i474    X   71;' 3     tX'O  5  calories  for  the  iron. 
«•  (»;i6  X  2.V>»>-5-   15-7  calories  for  the  phosphorus. 
0  -ul* '.VJ  X  1 242 '3  -    13  1  cjiloriea  for  the  manganese. 
Tot.il,  t*)3.S-3  calories. 

Thus  we  have  the  ditierence  between  the  observed  result  and 
the  amount  calculated  from  the  iron,  phosphorus,  and  manganese 
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liBSolved  820'4-638*3  =>  182vl   calories,  due  to  the  oxidfttion 

>f  006 16  gramme  of  ailicoo.     This  would  give  182*1 -r^O'06 16 

2956*2  calories  for  one  gmmme  of  silicon  oxidised. 

The  fourth  sample  was  a  ferro-silicon  coiUaiuiug  silicon,  1 1*7*.) ; 

pbosphonis,  0'019;  iron,  86'70.     One  gramme  dissolved  gave 

>82"3  calories  with  2*35  per  cent,  of  iron  and  0*010  per  cent* 

tif  phosphorus  in  tlie  insoluble  residue.     The  theoretical  heat  for 

khe  dissolved  iron  and  phosphorus  would  be — 

0^S4SS  X  719*3-6067  «jilcjHeifgrtbfi  iron, 
ODOOlO  X  2556^5=     0*'4  cKlori^j.  fpr  tbe  plioiphoras, 
ToUl,  607  D  c*lorie». 

Thus  we  have  the  difference  between  the  observed  resnit  and 
the  amount  calculated  from  the  iron  an<I  phosphorus  disaolved 
)82*3  —  607*0  "  375'3  calories,  dne  to  the  oxidation  of  0*1 179 
Rranime  of  silicon.  This  would  give  375*3H-0  1 179  =  3183'2 
alories  for  one  gramme  of  silicon  oxidised. 
Since  there  exists  no  ground  for  rejecting  the  result  obtained 
the  second  sample,  although  it  is  soniewlmt  lower  than  the 
others,  the  average  of  the  results,  2920\5.  2551*3,  2956  2,  and 
18183*2  may  be  taken,  which  gives  2 903 "7  calories  aa  the  heat 
fcvolved  by  the  oxidation  of  one  gramme  of  silicon  to  silicic  acid 
when  the  silicon  is  combined  with  iron.  If  we  adopt  the  figure 
207,400  as  the  heat  of  formation  of  hydrated  silicic  acid  given 
by  Mr.  Osmond,*  the  amount  of  heat  which  would  be  e%^olved  by 
the  solution  of  free  silicon  in  acidified  ammonium  cupric  chloride 

rn  be  calculated  from  the  following  etyiatian  * — 


8i -f -iCiiCl  J  +  2HbO + All  =  SiOjAq -J- 4atiCl  +  4Ha 
St  +  (4  X  G2.Tiaj  +  (2  X  es,360) =207,400  +  (4  x  32,S7ft)  +  (4  sc  30»31  ftj 
or  108,600-7-28*4^3824  oKloriu  for  the  oxUiiyoii  of  odo  gmnime 
of  fre«  ■lUtioa  to  ■ilkic  ticul. 


Since  we  have  seen  that  one  gramme  of  silicon  if  combine  d  with 
iron  evolves  but  2903*7  calories^  then  the  difference,  3824 — 
2903*7  =  920  3,  would  represent  the  heat  absorbed  in  decom- 
posing enough  silicide  to  contain  one  gramme  of  silicon*  The  heat 
of  formation  of  the  gramme  molecule  tlierefore,  represented  by 
the  equation  Si  +  Fe^^  =  SiFe,,,  would  be  28*4  X  920  3  =  26,136*5 


*  C&mpkB  Mendut  dc  rAeaU4mit  dfi  Sekn^tit  toL  exiil  p*  47^, 
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calories.     The  heat  of  formation  of  one  gramme  of  silicide  of  i 
(SiFej)^  would  be  920*3  X  0-1446  =  133-1  calories. 

The  values  obtained  for  the  heat  of  formation  of  carbide  i 
silicide  of  iron  explain  readily  why  silicon  displaces  carbon  b 
its  compounds  with  iron,  causing  the  carbon  to  assume  the  : 
or  graphitic  form  ;  for  the  reaction  CFe,  +  Si  =  SiFe,  H-  C  wc 
evolve  26136-5 -8494  =  17642-5  calories. 


^ 


nasi  XSD  3TEKL  TROM  THK  "  PHASE-DOCTRINK. 


229 


tON  AND  STEEL  FROM  THE  POINT  OF  VIEW 
OF  THE  "PHASE-DOCTRINE." 


I     ce: 


Bt  BaBOK  HAKNE  JtJPTKBR  VON  JONSTORrF  {DoNAwm,  AuatHU), 

HE    several,  and   to  some   exteat  self -contradictory,   theories 

icited  by  Professor  Bakhuis-Eoozeboom*  in  bis  epoch*making 

^ublicatioa  of  last  autumn  have  induced  me  to  re-examin©  the 

iginal  treatises  ot  which  he  made  use  in  support  of  his  views* 

J  object  in  so  doing  is  to  aid,  if  possible j  in  establishing  a 

definite  basis  for  future    experimental  research,  and    it  is  my 

intention  now  to  deal   principally  with  the  state  of  ecinilibriuni 

between  martensite  and  graphite. 

The  following  table  shows  the  resnlta  of  Maonesmann's 
cementation  ejcperiments,  after  making  due  allowance  for  the 
rrection  of  temperatures.  It  should  be  mentioned  that  in 
calculating  the  latter,  precisely  the  same  method  has  been 
followed  as  that  employed  by  H*  Le  Chateliert  in  dealing  with 
the  temperatures  of  the  fusion  of  snb&tancas  as  given  by 
Manuesmann ; — 


Per<»nt»ge  of 

TfrmperAture  of 

FeroeatAftt  of 

T«nip«nblur«  of 

Oi^rbon. 

S»tuntlioxu 

Ckrboti* 

gftimtl^n. 

''C. 

■^c, 

035 

400 

3-0 

muy 

0^ 

760 

41» 

1070 

i-o 

8B0 

4'ft 

lOSO 

15 

960 

Bl) 

1085 

3-0 

990 

6-5 

1090 

as 

10^ 

fi-O 

lom 

au 

iim 

611 

UOO 

On  the  other  hand,  Manneamann  states  that  iron,  when   at 
the  melting-point  of  copper,  say  at  about  1050''  C\,  can  abiorb 
only  18  per  cent  of  carbon,  a  statetnent  strikingly  at  varianee ' 
I  with  the  data  given  in  the  table.     Osmond,J  moreover^  suggests 

*  Jimmal  nf  Uu  tnm  ^M  BiM  Inniiuit,  im^  No.  IL  )*.  311. 
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with  good  reason  that  Mannesmann  very  possibly  never  reached 
the  saturation  point. 

In  some  further  experiments  on  the  cementation  of  iron  caniw 
out  by  Royston,*  the  following  values  representing  the  rale  of 
absorption  of  carbon  were  obtained : — 

At    620'  1' 0*0    per  cent,  cmrbon. 

„     7'2ty  C 0-85         „  „ 

.,  lOS*r  C 1*50        „ 

But  unfortunately  these  results  can  only  be  regarded  as  dubious 
when  they  are  contrasted  with  the  experiments  of  Mannesmann, 
which  show  that  iron  could  take  up  2* 7 5  per  cent,  carbon  at  a 
temperature  of  1030'  L\ 

Koyston  next  heattd  a  sample  of  white  iron  containing  3'So 
l>er  cent,  carbon  to  various  degrees  of  temperature,  allowing  it 
to  cool  gradually.  The  iron,  when  analysed,  was  found  to 
contain — 

roiiilniiftl  ChHwu.  Graphitic  CiirlM^n. 

At  070  C 

„  72i»  r 

„  740' C 


IVrCViit, 

Per  CViit 

I  10 

27r> 

1-20 

2d5 

3-05 

080 

Thus  it  is  seen  that  the  percentage  of  carbon  which  remained 
in  the  combined  state  here  is  much  in  excess  of  that  obtained  in 
his  former  series  of  experiments,  though  this  difiference  is  probably 
due  to  the  incomplete  decomposition  of  the  carbide  at  the 
difTereni;  temperatures. 

Continuing  his  experiments,  Eoyston  next  rapidly  heated 
white  iron  containing  ,'»*85  per  cent,  carbon  to  1030°  C,  and 
allowed  it  to  cool  gradually  ;  a  second  sample  of  the  same  iron 
was  similarly  heated  to  1030''  C.  and  suddenly  quenched  in 
water.      He  obtained  the  following  results  : — 


Combined  Carbon. 

Graphitic  Curbon. 

Per  Cent. 

Per  Cent 

After  jrr.ulinl  c*M>linu     . 

1-50 

2-30 

After  «puMiching    . 

1-50 

2-85 

In  these  experiments  it  is  remarkable  that  the  proportion  of 
combined  carbon  in  eacli  case  is  exactly  equal.  The  second 
experiment  might  liave  assisted  in   throwing  some  light  on  the 

*  Journal  of  th(  Iron  and  Stcil  Inttitute,  1897,  No.  I.  p.  166. 
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ioubtf ul  conditions  of  equilibrium  if  it  could  have  been  sliowti 
bat  a  complete  dmociation  of  tlie  carbide  bad  taken  place- 

Tummg  now  to  the  experimenta  of  Saniterj*  more  important 
esnlts  are  to  be  noted.     He  beated  a  piece  of  iron  wire  of  very 

fiire  quality,  0*04  inch  in  diameter,  in  a  porcelain  tube  together 
ith  charcoal.  This  was  subjected  for  varying  i>eriods  to  a 
emperature  of  900^  C,  and  after  being  alloweil  to  cool  in  the 

tube,  a  portion  was  removed  for  analysis.  It  was  found  to 
on  tain — 


""^ 

After 

7  Houn 
Healing. 

Afl«r 
l4Haur« 
Eeatliig. 

After  31  Houn 

H«ftting. 

Totnl  carbon  . 
Grmptiitio  OJLjrbuti    * 
CombiniMl  carbciu    , 

Tr»©B 

Per  Ceul, 

1'64 

Per  Cent. 
279 

P*r  Cent. 
293 

2  42 

Pearlitft  mih  bftiuia  of 
oemeiitite,    ^xteiMiing 
in    aU    directioni    lo 
the  iiirface. 

giniihitis     (till*     liitt«r 
coulil  tn>t  lu*  d«t<.ict(«cl 

UMtllsr  th«  l1lil.Mt»L!tJ}lu). 

Tho  ci»tTn?Titit**  wnn  n^U' 
jvi;iiteil    to  Wilt  ill    thfl 
cenir«,    iiOi»e    i^f    t)»« 
baiidi    Dxt^niling    to 
thf}  tjRlBiior ;  llw  lUN 
fn)B  <if  the  wiro  wm 
ouAtisil  with  gJllpbtbAi 
which    wHi   cnrufallj 
romovud    bt'luri!'   atia^ 

The  rate  at  whicli  the  carbon  was  absorbed  waa  as  follows  ;^ — 


In  tb«  drat  7  liourH 
f,      »«t3u]iit  7  boun  . 
„      tbipil  7  boiiiK    . 


1  '64  per  cent. 


from  which  Saniter  deduced  that  at  2*!i5  per  cent,  the  saturation 
point  was  reached* 

According  to  Professor  Arnold  t  the  diflfusion  of  carbon 
begins  only  at  750'  C,  and  increaat-s  suddenly  when  900*  C,  ia 
reached.     He  states  that  there  diffuses — 


At  7«r  c. 


Fe^C  (up  to  Ot*  per  «<jnt  earlmn), 

Fe^O  (up  to  2  fwr  cent,  c&rliot}  At  Ibe  IjiHtt), 


*  jQumal  f*/tk0  irmi  nnd  SicH  ImiUuU^  I8fl7,  Kti.  IL  p.  iL'J 

t  ibid.,  lejm/Nc.  1.  ir.wL 
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Following  the  same  line  of  investigation,  Margueritte  *  heatei 
finely  divided  iron,  which  be  had  obtained  from  oxalate,  for 
three  hours  consecutively  in  a  current  of  carbonic  oxide  gas,  and 
then  found  that  the  following  quantities  of  carbon  had  beea 
absorbed : — 

Carlton 
Percentage. 

At  dull  red  heat,  635"  C.-694'*  C.  (Tnylor)         .        .         .         6*60 

At  briglit  red  hent,  843'  C.  (Taylor) 6*55 

At  dark  oniiige,  950°  C  (fasiDg  point  of  lilver)  .         .         1'21 

In  this  connection  Osmond  points  out  with  reason  that  ii 
cannot  possibly  be  due  to  mere  accident  that  the  formation  of 
carbide  was  effected  in  the  first  two  instances. 

It  is  evident,  then,  that,  with  regard  to  the  process  of  cementa- 
tion, results  were  obtained  by  the  several  investigators  which, 
while  differing  in  the  extreme  as  to  the  carbon  contents,  are  in 
striking  accord  in  the  result  that  the  cement  steel  after  the 
first  heating  was  always  found  to  contain  carbon  in  the  combined 
form  alone,  and  it  was  only  after  the  second,  or  at  any  rate  after 
a  prolonged  heating,  that  the  formation  of  graphite  occurred.  It 
is  abundantly  clear  that  there  are  thus  two  entirely  distinct 
phenomena. 

Particularly  instructive  are  Saniter's  experiments,  which 
demonstrate  that  within  fourteen  hours  of  the  commencement 
of  the  cementation  process  the  steel  contained  only  martensite 
and  cementite,  and  that  the  cementite  bands  penetrated  the 
entire  mass  as  far  as  the  surface.  At  the  end  of  twenty-one 
hours,  however,  the  cementite  had  segregated  near  the  centre, 
and  graphite  had  been  formed.  These  successive  phenomena 
point  to  the  conclusion  that  within  a  temperature  of  about 
1000°  C.  graphite  is  not  the  more  stable  form  of  carbon  com- 
pound. This  view  is  also  strongly  borne  out  by  Osmond'st 
observations,  wliich,  taken  in  conjunction  with  my  own  views  J 
on  the  critical  points  in  the  neighbourhood  of  1000*  C,  would 
seem  to  furnish  ample  proof  of  the  existence  of  the  reaction 
assumed  by  Ivoozeboom  to  take  place  at  this  temperature : — 

Mixetl  crystals -hgriii»liite  =  martensite  +  cementite. 

•  i'oiitfitcs  Rcudux,  \()1.  lix.  j».  7*t>. 

t  BuUetin  de  la  Socit't*  d' Knronraintnent,  vol.  v.,  1900,  pp.  657,  658. 

X  Journal  of  the  Iron  and  Steil  Institute^  1900,  No.  L,  p.  219. 
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It  must,  tberefore,  be  assumed  that  the  absorption  of  carbon 
t^jr  the  iron  at  the  temperatuFe  ia  qoesttoo  is  accompanied  hf 
be  formation  of  martensite—and  that  in  the  first  place  the  state 
>f  equilibrium — 

¥e  +  C-  nQurten  lite , 

[lough  perhaps  only  apparent,  ia  established* 

In  such  cases  where  the  martensite  does  not  come  into  im- 

Eiediate  contact  with  the  carbon ^  that  is  to  say,  in  the  interior 

>f  the  mass  of  iron  or  at  such  places  on  the  surface  where  no 

Dharcoal  actually  touches,  the  separation  of  cenientite  may  occur, 

md  indeed  must,  when  the  point  of  saturation  corresponding  to 

Ithe  given  temperature  is  reactied^  and  thus  there  is  rsaehed  a 

econd  state  of  equilibrium — 

Murteni  Ite  'h£«mentlte, 

which    not    only   explains    the  liigh    carbon    percentage  which 

Ieome  investigators  obtained,  but  agrees  fully  with  the  microgram 
|»hic  observations  recorded  by  Saaiter.  Whether  the  carbtmaa- 
tion  nnder  these  circumstances  can  be  continued  till  the  state  of 
equilibrium^ — 
Gnpbittt  -f  cementj  te, 
13  reached,  is  open  to  question,  but  the  tbeoretioal  possibility 
of  reaching  it  cannot  be  denied.  Evidence  of  this  ia  also  afforded 
by  the  experiments  of  Margueritte.*  If  tliis  were  possible, 
the  corresponding  equilibrium  curve  would  be  represented  by 
a  line  drawn  vertical  to  the  carbon  percentage  line  at  6  67  per 

»cent  carbon. 
In  explanation  of  the  occurrence  of  graphite  aUber  long 
heating  to  redness  or  prolonged  cementation,  it  will  be  necessary 
to  consider  Saniter's  experiments  on  the  behaviour  of  the 
carbide  of  iron  at  higher  temperatures.  Briery  the  results 
were  as  follows: — 


*  It  iB^  bawev'er,  qtiite  pnsEijblti  that  the  high  ilegroe  of  carburiMiition  obtniDed  by 
Mtirgiieriite  htm  mniulj  the  result  of  the  Qt«  of  <»irbon  monoiidep  loil^md  of  oarbon 
[  in  ^  folid  form. 
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Fint  Sample.  '  Secmd  Sample. 


Combined       Graphitie       Combined   i    Grapkitie 
Carbon.  Carbon.  Carbon.  CarUis. 


Original  caibi.le  .  6*73  0*19 

g     in     nitrogen  | 
Hnd    gnftdaallr  V         5*72        !        O'-fO 


,  After     heatint;    in     nitrogen  \ 
'      to  800"   C.   and    gruduallT  > 


Per  Cent       Per  Cent.    '    Per  Cent.    '    Per  C«t. 
6-46  0-23 


'      cooling  .        .        .        .        j 
After    heating     in     uitro-^< 
to  1000-  C.  and  gnidually  V         3-0.^  2  50        t         3-79  2  41 


ro-^en ) 
lually  V 
cooling  .         .         .         .         j  , 
After  heating  to  lOOU"  C.  and  )  e.r-         |        ^^5-         | 

then  queuobing     .  );  '  I 

Fused     with    magnesia    and  )  «  .ao  '         q^  - 

allowed  to  cool  gradually      /  •  •*  ^  "^  ^^'^ 


It  will  be  noticed  that  with  the  increase  of  temperature 
the  carbide  dissociates ;  this  is  shown  too  in  Margueritte's 
experiments,  where  the  diminution  in  the  amount  of  carbon 
absorbed  is  apparent  as  the  temperature  increased  ;  it  is  also 
evident  tliat  tlie  dissociation  of  the  cementite  must  commence 
wlien  marteiisite  is  present,  probably  according  to  the  equation— 

Cementite = roartensite + graphite. 

This  theory  still  leaves  much  to  be  accounted  for ;  for  instance, 
the  formation  of  graphite  in  conjunction  with  ferrite  in  the 
Brustlein  steel,  described  by  Osmond,*  and  further  investigation 
of  this  is  necessary  before  any  definite  conclusion  can  he 
drawn. 

Above  the  temperature  under  consideration,  of  about  1000**  C, 
at  which  the  transformation  of  graphite  +  martensite  into  cemen- 
tite occurs,  there  can  exist  no  doubt  that  graphite  has  a  greater 
stability  than  cementite.  Tlie  formation  of  graphite  in  slowly 
cooled  iron  seems  to  confirm  this,  as  well  as  the  dissociation 
of  the  cementite.  But  if  this  is  so,  then  the  line  a  E,  which, 
accordiuLT  to  Koozeboom's  hypothesis,  indicates  the  separating 
out  of  the  graphite  at  the  corresponding  temperature,  must  cut 
the  cementite  curve  at  the  point  E. 

Of  great  interest  are  Le  Chatelier's  observations  on  the  expan- 
sion of  steel  and  the  formation  of  troostite.     The  sudden  contrac- 

•  In  reganl  to   tliis,   particular  attention   should  be  directed  to  the  influence  of 
other  elements. 
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ion  attending  the  trans  formation  of  peariite  into  troostite  would 

iccouut  for  the  diminution  of  volume  wbicli  so  frequently 
2ur3  during  the  formation  of  solutions.       In  like  manner  it 

rould  seem  reaBonable  to  assume  that  the  equally  sudden 
fexpansion  which  accompanies  the  trans  form  at  ion  of  troostite 
[into  martensite  may  be  accounted  for  by  regarding  troostite 
a  solution  of  carbide  of  iron,  which  is  decomposed  or  becomes 
Idepolyinerised  on  its  transition  into  the  martensite  form ;  the 
|expansion  being  due  to  the  increase  in  the  number  of  existing 

[lolecules. 
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A   WATER-COOLED   BLAST-FURNACE    BOSE 


Bt  axel  SAHLIN^  (Millqh*  Gouserla^p^ 


Thk  pToblem  of  maintaiJiing    the  bosh   and    hearth  lines  of 
blast-furnace,  subjected,  as  thej  are»  to  the  combined  destnji 
tive  mfliiences  of  high  temperature  and  incessant  abrasion 
the  descending  materials,  is  one  which  has  confronted  all 
furnace  managers,  and  to  the  solution  of  which    most  of  thti 
have  given  much  study  and  experiment.     The    result  of  tfaj 
experiments  and  of  the  experience  gained  are  the  vmrious  farm 
of  water-cooling  devices,  which  now  are  in  use  for  protecting  tiii 
walls  of  the  lower  part  of  the  blaat-furnace. 

In  England,  where,  in  moat  cases,  amall  outputs  aatif  fy 
directors  and  managementi  the  problem  has  hitherto  beeu 
difficult  than  in  America,  The  custom  in  the  former  couutrf 
has  generally  been  simply  to  increase  the  thickness  of  the  hridt 
walls,  on  the  principle,  evidently j  that  it  takes  a  longer  time  f(Sf 
a  furnace  to  cut  through  a  6-foat  wall,  than  to  ruin  one  ^tod 
thicks  When  a  furnace  has  been  built  from  the  beginning  with 
a  small  hearth  and  with  a  boah  wide  out  of  all  proportion  to  the 
hearth  and  to  the  quantity  of  blast  available,  the  shape  of  the 
furnace  is  of  little  importance*  A  few  feet  more  or  less  on  the 
furnace  bosh  has  not  made  much  difiference,  as  long  as  tlie 
furnace  never  is  made  '*  to  work  all  oven"  With  these  wide 
furnaces  and  slack  blast,  you  are  practically  blowing  into  an  ote 
pile. 

The  brickwork  surrounding  this  pile  of  ore  is  taxed  but  little 
and  lasts  indefinitely.  Under  these  conditions,  however,  tbe 
control,  which  the  manager  should  have  over  the  working  of  Mi 
fumacey  is  to  a  great  extent  lost. 

When,  on  the  other  hand,  as  in  America,  keen   eonipetitioit 
and  high  cost  of  individual   labour  make  large   output,   rapii 
driving,  and  close  control  of  the  furnace  workiog  imperative 
when^  therefore,  the  hearth  must  be  enlarged,  the  bosh  mad« 
correspond,  and  the  pressure  and  quantity  of  blast  increased,  io 
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as  to  make  the  furnace  evenly  effective  throughout;  then  the 
brick  wails  themselves — and  not  scaffolds  covering  Uiem — will 
give  the  outline  of  the  working  furnace.  Even  the  best  of  fire- 
brick unaided  by  outside  cooling  intluences  will  then  no  longer 
resist  the  destroying  action  from  within* 

Amongst  the  means  for  cooling  the  blast- furnace  bosh  walls 
hitherto  in  use  are : — 

Open  cast  iron  or  bronze  boxes  tilled  with  water 

Closed  bronze  boxes  under  water  pressure, 
ft   Copper  pipes  built  into  the  brick  work. 
■    Brick-lined  plate  shells  sprayed  on  the  outside. 

Similar  plate  shells  surrounded  by  succeasive  rows  of  circular 
horizontal  water  pockets. 

These  are  old  and  well-tried  deviceSj  each  having  its  distinc- 
tive advantages  and  advocates,  and  also  its  drawbacks. 

The  open  cast-iron  and  bronze  boies,  with  their  slow  circula- 
tion, are  liable  to  burn  through  or  crack  from  unequal  expansion, 
in  which  case  the  cooling  water  must  be  turned  ofi',  and  the 
boxes  become  worse  than  useless. 

The  closed  bronze  boxes  under  pressure  are  very  expensive  in 
first  outlay  and  require  a  large  quantity  of  clean  water  under  a 
considerable  head.  As  the  aide  which  they  present  to  the  fire 
is  comparatively  narrow,  and  the  distance  between  the  rows  com- 
paratively large,  they  tend  to  the  formation  of  horizontal  ridges 
on  the  bosh  walls  opposite  each  row  of  plates.  If  a  leak  should 
occur  in  a  box,  it  is  difficult  promptly  to  locate,  and  as  the  water 
must  circulate  through  the  boxes  under  high  pressure*  great 
damage  may  be  caused  to  the  furnace  before  the  defective  box  is 
discovered  and  the  water  turned  off. 

Water-pipes  and  coils  built  into  the  brickwork  are  often 
broken  by  the  expansion  or  ^ttling  of  the  brickwork,  Tbej 
are  periodically  getting  clogged,  are  difltcttlt  to  exchange,  and 
complkatad  to  controL 

The  shell  with  oatside  tpraying  ia  aloppyi  and,  on  ftoecKitit  of 
the  slope  of  the  both,  vefy  difficult  %o  coal  uniformly  all  over. 

Plate  shells  with  horizontal  dteolAr  poekili  mm  do(  salislacTtnt  v 
as  the  deep  pockets,  in  «pite  of  eveiy  aUeotioii,  will  get  fill* 
wi^  mud  and  incrartatiopi,,  |ifieT«iiliag  the  oontftct  of  Ihe 
water  with  ibe  alielL,  whicbt  ia  emmqwrncBt  soon  beoooia 
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rerbA[)A  the  tiiost  genenil  criticism^  which  cma  be 
alt  thf^  armogfin^iita  above  described,  is,  that  the  eooliog  tl 
carried  to  the  boah  walla  in  not  suilieiently  uiiiform  at  all 
the  r«iiilt  b«itig  a  tendeucy  for  the  inaidt)  ot  ihv  bosb  walk 
btQOma  ridged  and  uneven.     At  the  same  time,  all  of  th^in  hftf 
many  good  f>oittu,  and  to-day  successfully  hold  many  a  h 
liniDif  to  iu  intended  shape  under  severe  duty* 

What  is  wanted  is  a  device  Ihat  will  meet  the  following 
ditiotii.     It  must — 

(1)  Main  tain  the  fumaee  bo«h  at   ita  proper  diameCer 
alope  during  tb^  entire  campaign  of  the  faniAGe» 

(2)  Be  reasonable  as  to  coat. 

(8)  Consume  only  a  moderate  quantity  o(  cooling  water* 

(4)  Be  accesitbte  (or  cleaning  while  the  furnace  is  rntmiBf. 

(5)  Supply  mechanical  atrength  and  itabijity  lo  the  alt 
of  the  boalk 

(6)  IVnnit  of  easy  reguhiiKni  ot  the  amounl  ot  eooliog 
diflVreut  l(ivcls»  as  the  xone  of  {yaion  k  railed  or  lewtred  in 
furnace. 

(7)  Krmtiro  that  no  water  can  leak  inU)  the  funuioe. 
To  meet  these  conditions,  the  author  haii  deaigtied  ami  auc 

Tully  employed  at  the  Miltom  Works  bosh  caiingii  whkh  he  ba 
teaaou  to  believe  are  original 

The  device  oauaista  of  a  plate  shell  in  the  shape  of  an  InTs 
(rujduuK  To  the  outside  of  this  shell  are  riveted  open 
apiimlly  wounil  artiund  the  plate  from  the  top  of  the  bosh  to 
euiPilar  discharge  trough,  which  forms  the  httse  of  the 
The  boah  jaeket  is  built  of  J-inch  steel  plates  with  Unah 
butt  strapped  on  the  inside,  and  douhW  riveteiL  The  jacket 
supported  on  the  furnace  wulls  by  aid  of  a  circular  rim  of 
i-inch  by  4-inch  by  |-incb  angle  bar*  At  the  boUotn  it 
riveted  to  a  circular  itetd  wuti.*r- trough.  The  spiral  Imnghe 
two  in  numkier ;  they  are  made  up  of  lj-ttii!h  by  l|-tiicb  at 
bar,  and  an  8*inch  by  l*inch  steel  pl^te,  formitig  respectively 
boltom  and  frunt  of  the  trougtiSj  which  are  pitched  at  an  tnclii 
of  about  ^  inch  to  the  foot«  The  vertical  diitaooe  from 
to  bottom  of  the  spirals  is  U  inches  (VUU:  XVL), 

If  water  is  admitted  to  the  top  ends  of  Uie  spirals,  Ibo  h 
will,  therefore,  at  once  be  surrounded  by  parmllel  bonds  of 
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^Bug  water  about  3  iQch^  wide,  spaced  1 1  inches  apart  The  iDside 
^Bf  the  steel  jacket  is  iiued  with  9  laches  uf  the  very  b«^$t  fire- 
^pbrick  obtalQable,  carefully  fitted*  Gmthially  this  brick  lining 
Ff  will  disappear,  and  be  replaced  by  a  layer  of  the  charactaristic 
silico-gmphitio  mass,  which  the  furnace  deposits,  wherever  tlie 
ire  of  the  mterior  is  met  by  an  energetic  external  cooling  action. 
The  experience  which  led  to  the  design  and  adoption  of  this 
ingemeut  may  be  worth  recording. 

In    1883   the  author  desij^ned  a  small  Spiegel   furnace   in 
Western  Pennsylvania,     It  was  built  66  feet  lngli>  12  feet  wido 
the  bosh,  with  a  hearth  of  6  feet  6  inches  diameter.     The  fur- 
aace  was  constructed  inside  of  an  old-fashioned  square  stone  stack. 
Space  was  most  limited,  and   cooling    difficult  to  obtain.     To 
irrange  for  this,  a  plate  shell  lined  with  9  inches  of  firebrick  was 
ased  for  tlie  bosh,  water  being  sprayed  on  the  outside  of  the 
leil.     The  fnrnace  ran  for  over  two  years,  making  an  increased 
autput  of  Spiegel    iron  ;  it   was  then    blown   oat   for  financial 
Basons.     The  bosh  gave  no  trouble   whatever.      Ited  hot  spots 
ccasionally  appeared  on  the  plate  shell,  owing  to  unequal  and  de- 
fective cooling,  and  the  cutting  away  of  the  lining,  but,  as  soon  as 
,  spray  was  directed  against  such  a  point,  the  trouble  disappeared, 
Later^  in  1S90,  the  author  was  entrusted  with  the  cortstruc- 
'tion    of   another   furnace    in    Pennsylvania,    intended    for   tb« 
production   of   basic   iron,     lb  was  btiilt  75  feet  high,  18  feet 
6  inches  in  the  bosh,  and  9  feet  6  inches  in  the  henrth<     A 
plate  bosh  jacket  was  again  emplnycil,  this  time  backed  by  a 
brick    wall    13 J    inches    thick*     The    furnace   was    successfully 
blown  in,  and  produced  from  900  to   1000  tons  of  basic  iron 
per  week*     After  about  half  a  year,  it  was,  through  an  error 
of  the  supetintentlent,  limed  up  almost  past  redernption*     Cold 
blast  and   excessive  temperatures,   sufficient   to   fuse  the  brick 
in    the    stoveSj    were    alternately    employed :    large    clmrges    of 
dynamite   were  exploded  inside  of  the  furnace  below  tlie  now 
perfectly-formed,  dome-like  scaffold.     Finally  the  scaffold  was 
melted   down   with  oil  blow-pipes,   and   the    fa  mace  re-star  tad. 
It  then  ran   for  a  few  montlis,  when   it  again   was  scaflblded 
above  the  bosh  and  chilled*     After  the  furnace  bad  been  dug 
out,  the   author   was   called  on  to   examine  and  report  on  the 
lining.     The   lower   portion   of  the   barrel,  where   the  scaCfold 
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had  been  formed,  was  somewhat  worn,  and  the  hearth,  the  vilb 
of  which  originally  were  40  inches  thick,  was  considerably  cut 
away ;  but  the  bosh  wall  presented  a  smooth,  regular,  and 
glazed  surface  from  top  to  bottom.  Directly  in  front  of  th 
spraying  pipes  the  lining  was  somewhat  thicker,  but  th* 
average  depth  of  the  coating  was  proved  to  be  from  7  to  S 
inches.  Holes  were  cut  through  it  in  two  places,  but  nc 
vestige  of  brick  was  found,  the  mass  being,  however,  so  hii 
as  almost  to  defy  the  chisel.  It  was,  therefore,  reported  tk 
the  bosh  lining  was  good,  and,  after  some  smaller  repairs  V 
the  hearth,  the  furnace  was  again  started.  It  now  ran  fo 
more  than  two  years,  and  no  trouble  was  ever  experience! 
with  the  bosh  walls. 

It  has,  therefore,  been  demonstrated  that  a  properly  coole 
iron  plate  exerts  a  protective  influence  on  a  brick  wall  built  n 
against  the  same  to  a  depth  of  from  7  to  9  inches,  and  aU 
that  the  brick  is  gradually  worn  away  or  decomposed,  a  graphiti 
mass  of  about  the  same  tliickness  taking  its  place  on  the  insid 
of  the  plate. 

From  an  economical  point  of  view,  the  "  Sahlin  bosh  "  con 
pares  favourably  with  a  bosh  cooled  by  means  of  bronze  plate 
as  will  be  seen  by  the  following  comparison  of  approximate!; 
estimated  costs  of  a  furnace  bosh  14  feet  high,  19  feet  insid 
diameter  at  the  top,  and  11  feet  diameter  at  the  base,  viz. : — 

1^/. — Sahlin! 8  Bosh. 

One  bosli  jacket  with  discbarge  trough  complete,  erected, 

including  all  exi>€n8cs £500 

8000  bricks  at  £5  i>er  thousand 40 

Setting  same  at  30s.  per  thousand  (plain  wall)     ...  12 

Four  l:^-ineh  water  pipes  at  t'2  each 8 

Total  cost  of  bosh  about £560 

2nrl. — Bnsh  njoJed  wifh  Bronze  Boxes. 


%  bronze  boxes  (8  rows) 

7  circular  steel  lioops 

30,00<j  9-incli  bricks  at  £5  per  thousand 
Setting     ,,         .,        at  50.s.  per  thousand  (arches) 
One  circular  discharge  trouglj  12  by  18  inches 
Twelve  1^-inch  supply  ]>ipe8  with  cocks  at  £3  each 
72  connecting  pii)es  at  lOs.  each     .... 
12  discharge  pipes  at  20s.  each      .... 


£650 
d3 

150 
75 

150 
36 
36 
12 


Total,  about £1202 

These  estimates  are  based  on  prices  ruling  in  December  1900, 
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ie  "  Sahlin  bosh  "  is  practically  indestructtblej  its  life  being 

^iong  as  tliat  of  the  |-iiich  steel  plate.     The  thinness  of  the 

fickwork    or    deposit    prevents    the   disruption   of    the  jacket^ 

common  in  furnaces   with  thick  brick  walls.     As  the  con- 

i nativity  for  heat  of  a  plate  is  considered  inversely  proportional 

its  thickness,  it  is   an   open  queation   whether  a  f-inch,  or 

sven  a  x^-inch,  shell  would  not  give  a  better  result  than  the 

l-inch   plate,   which    has   been  used    for  the    first  furnaces  at 

lillom. 

The   spiral  troughs   can  be   cleaned  or  scraped  out  at  any 

time    without   shutting   off   the    water*     If    required,   a    fresh 

inpply  of  coici  water  may  be  added  at  any  point  of  the  descent* 

iTwo  streams  of  water  admitted  near  the  top  of  the  troughs  will 

aniformly  coo!  the  entire  surface  of  the  bosh. 

Everywhere  in  Great  Britain  the  blast- furnaces  are  built  on 

Jlow  columns.     Their   plate   sheila   are   of  enormous   diameters, 

[>ine times  as  much  as   32    to   34  feet.     lo  remodelling  theee 

^furnaces,  it  will  be  found  difficult  to  arrange  for  cooling  space 

I     and  air  circulation  around  the  bosh.     The  "  Sahlin  bosh  "  will 

^■provide  this,  as  it  can  be  placed  inside  of  the  old  shell  at  any 

^■lieight  above  the  lintel  plates  supported  by  the  columns.     The 

■angular  space  between  the  out  wall  and  the  bosh  plate  would 

not   give   access   to  a   number   of   rows   of  cooling  plates,  but, 

however   narrow  the   space,  the   spiral  troughs  can  be  reached 

and  kept  clean ;  while,  for  air  circulationj  a  few  openings  cut 

through   the  brickwork  and   the    outside  furnace  casing,  close 

under  the  upper  edge  of  the  boshj  will  suffice.     It  is,  therefore, 

hoped  that  the  new  boah  arrangement  will  aid  in  the  economical 

modernising  of  our  old  furnaces. 


1901.-1 
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COREESPONDENCE. 

Mr,  Joseph  Cooper  stated  that  he  had  read  Mr.  SdiliitV| 
paper  on  a  '* Water-Cooled  Blast-Furuace  Bosh'*  with  mttfieri, 
but  wished  to  point  out  that  his  device  was  not  novel  m\ 
on^iDal  8p]egeleiaen  and  farra-maugauese  were  first  made  in 
this  (or  any  other  country)  from  maugaoiferous  ores  in  a  bUi-j 
furnace  at  the  Landore-Siemens  Steelworks  under  the  mam^j 
ment  of  Mr*  James  Eiley,  to  whom  he  (the  writer)  then  ftcted] 
as  aasistaDt*  In  the  year  1875  Mr,  liiley  designed  a  smalll 
furnace  which  was  erected  for  making  ferro-tnangaDese  AU] 
the  lining  below  the  bosh  was  formed  of  carbon  abont  2i  indtfll 
thick  in  a  steel-plated  shell,  and  on  the  outer  side  of  the  ahell 
horizontal  V-shaped  cbanneb  were  formed  at  intervals  of  aboQil 
9  or  10  inches  for  outside  water  cooling.  Notches  were  cut  all 
rotind  in  each  channel ^  so  that  the  water  trickled  down  hm 
one  channel  to  the  next  below,  and  so  completely  cooled  ali  1 
easing  down  to  tlie  bottom  of  the  furnace,  and  was  from  tlidt 
conducted  to  a  drain.  This  acted  welt,  and  continued  ia  tat 
until  it  was  necessary  to  replace  the  carbon  lining  some  montbi 
afterwards,  when  it  was  stgaiu  put  to  work.  Hot  places  in  the 
casing  occasionally  appeared,  which  were  cooled  down  by  thi 
aid  of  a  hose-pipe. 


Mr.  Sahlin  replied  to  Mr.  Joseph  Coopers  statement^  that 
he  had  previously  employed  a  bosh  casing  similar  to  thai 
described  by  the  writer  of  the  paper,  by  pointing  out  Lh«t  JIi. 
Cooper  evidently  had  never  grasped  the  novel  point  and  gt««t 
advantage  of  the  arrangement  of  Sahlin's  water-cooled  bosh* 
This  consisted  of  the  continuous  spiral  troughs  being  incltned  it 
such  an  angle  as  to  make  the  water  flow  rapidly  through  theia* 
Neither  Mr,  Cooper  nor  Mr.  Riley  were  the  first  to  u&e  horizonu! 
V"shaped  channels  around  the  boah.  Such  an  arrangement  had 
been  tried  on  many  fuinaces,  and  had  not  been  found  sattsfactoitt 
for  the  reason  that  the  V-shaped  troughs  filled  up  with  incrusta- 
tions and  silted  matter.  The  spiral  continuous  trougha  kept 
clean  as  long  as  the  water  flowed  through  them. 
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AND   OTHER   PROPERTIES   OF  IRON  AND  STEEL. 
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Isr  testing  tnaterialsj  the  deterini nation  of  their  relative  degree 
of  hardDBss  presents  constantly  recurring  difficulties,  both  of 
a  theoretical  and  of  a  practical  nature^  and  there  is  hardly 
tay  eiaggeration  in  the  general  assertion  that  all  methods 
kitiierto  proposed,  based  on  theory,  have  proved  to  be  almost 
Wless  for  practical  purposes,  while  the  methods  evolved  by 
fxperience,  though  more  useful,  or  at  all  events  practicable, 
ve  based  on  a  more  or  less  defective  theoretical  foundation. 
Although  this  may  be  due  to  various  causes,  or  to  a  combina- 
of  circumatances,  it  will  be  sufficient  here  to  call  to  mind 
need,  in  the  first  place,  for  a  common  understanding  of  the 
*' hardness,"  the  meaning  of  which  is  by  no  means  univer- 
ly  agreed  npon ;  while,  with  regard  to  other  terms,  such  as 
stress,  elongation,  &c.,  there  exists  no  such  difficulty, 
these  terms  convey  an  absolute  meaning.  The  term 
688,  on  the  contrary,  merely  expresses  a  certain  relative 
lilioo,  like  other  expressions  such  as  beat  and  cold 
Pfefiumably,  the  most  generally  accepted  sense  of  the  term 
Flumlfiess'^  ought  to  be  the  resistance  offhrcd  h^f  a  mlid  mbstanee 
tke  mtramt  of  another  mthdanm  into  it. 

The    various    methods    hitherto    employed    to    ascertain  the 
bidiieee  of  solid  substances  have  been  classified  by  Professor 
Hjirtens*  into  two  main  divisions — 

L   Hardness  determined  by  forcing  into  one  material  another 
flabstanee  of  superior  hardness. 

2,  Hardness  determined  from  the  tensile  properties  of  the 
_aal6fiaL 

To  these  there  might  be  added  a  third  division,  vias. : — 

Btida^s   determined    by   testing  a  material   with   itself 
1*0  method). 

•  jfandJniM  d€f  Mai^ifdienhindc /Mr  den  Mawek^mnbatL 
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Without  further  describing  one  or  other  of  the  methods  bidiertl 
practised^  a  few  remarks  may  be  permitted  with  regard  bo  til 
general  principles  involvedi  ■ 

Any  method  purporting  to  determine  the  hardness  of  a  materid 
by  testing  its  tensile  properties  must  of  necessity  be  based  <m 
the  presupposition  of  a  constant  relation  existing  betw^een  dt 
property  of  hardness  and  such  tensile  properties.  It  is  prt- 
sunmbly  true  that  such  a  relation  exists  to  a  certaiii  limited 
extent ;  but  outside  these  limits,  which  in  the  case  of  meialt  tie 
determined  by  their  chemical  composition,  mechanical  treatiaei^ 
&Q.t  any  method  of  this  kind  will  prove  to  be  quite  usdcsfc 
Moreover,  it  is  essential  that  the  test  specimens  should  be  d 
a  certain  shape  and  size,  a  condition  often  difficult  or  era 
impossible  to  comply  with. 

Further,  in  the  methods  hitherto  employed  for  testing  liari- 
ness,  which  fall  mostly  within  the  first-meationed  categtwr^ 
there  exists  a  weak  point  common  to  all^  viz.,  the  want  of  i 
standard  testing  substance*  When  the  hardness  of  differtnt 
materials,  or  of  the  same  material  under  diQerent  conditiotii. 
is  to  be  tested  by  means  of  another  material  of  greater  hui* 
ness  being  forced  into  them,  this  latter  must  possess  a  cenaiu 
constant  character  and  be  incapable  of  changing  its  form,  othtr- 
wise  there  is  no  possibility  of  obtaining  trustworthy  results 
the  purpose  of  comparison.  And  it  must  be  admitted 
though  these  conditions  can  be  approximated  to  sufficiently 
practical  purposes  in  any  one  testing  laboratory,  yet  if  teats 
by  this  method  were  carried  out  in  different  places  by  different 
persons,  the  results  so  obtained  would  scarcely  admit  of  anj 
kind  of  direct  comparison.  This  is  unquestionably  a  somewh&i 
serious  drawback.  Another  drawback  also  common  to  all  the^H 
methods  is  the  difficulty  of  estahlisbing  a  perfectly  uniform  sdH 
constant  mode  of  procedure  so  as  to  render  the  test-results  ti 
far  as  possible  independent  of  individual  bias,  ^B 

In  order  to  avoid  difficulties  of  the  above  nature,  HeinricH 
Herz,  a  German  scientist,  now  deceased,  conceived  the  idea  of 
determining  hardness  by  testing  the  material  with  itself,  but 
never  worked  it  out  any  fnrtber*     The  idea  was  again  taken 
by  Professor  Foeppl  of  Munich,  who  has  taken  great  pains 
realising  it.     The  proceeding  may  be  described   as   follows:— 
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I  Two  Sat  specimens^  15  millimetres  by  25  millimetres,  are  cut 
>  out  of  the  material,  and  to  ooe  of  the  large  surfaces  of  either 
is  given  a  semi-cylindrical  shape^  with  20  millimetres  radius^ 
the  cylindrical  surface  thus  obtained  being  carefully  polished. 
The  two  specimens  thus  prepared  are  placed  croaswisej  the  one 
upon  the  other,  and  then  pressed  together  in  a  testing  machine. 
Until  the  elastic  limit  be  obtained  no  permanent  indentation 
13  caused,  but  beyond  that  limit  there  will  be  two  lasting  marks 
obtained  in  the  shape  of  small  round  spots,  the  size  of  which 
in  inversely  proportional  to  the  hardoesa,  the  loading  being 
supposed  to  have  been  constant.  If  the  two  specimens  are  of 
the  same  material,  the  size  is  directly  proportionate  to  the 
pressure  employed.  From  a  theoretical  point  of  view  this  method 
might  be  considered  as  satisfactorily  fulfilling  most  of  the  con- 
ditions required^  but,  unfortunately,  it  is  of  little  use  for  practical 
purposes  eiccept  in  a  few  cases.  This  is  partly  on  account  of 
the  difficulty  of  preparing  the  test  specimens  without  more  or 
less  alteration  to  that  part  of  the  specimen  where  the  test  is 
to  take  place,  through  removal  of  the  surfacej  and  in  conse- 
quence a  true  indication  of  the  relative  hardness  of  the  material 
is  not  afforded.  Partly,  also,  because  those  tests  are  always 
most  difficult  of  execution  on  account  of  the  indispensable  con- 
dition of  making  the  pressure  during  the  whole  operation  exactly 
at  right  angles  to  the  tangent  of  the  curves  at  the  point  of  con- 
tact, for  which  purpose  a  special  type  of  testing  machine  would 
lie  required. 

L—Brj  Nell's  Method, 


Among  the  several  modes  and  methods  hitherto  known  and 
made  use  of  there  is  hardly  one  that  might  be  termed  satis- 
factory, and  the  invention  of  one  that  would  be  quite  suitable 
for  practical  use  has  been  until  now  a  much- felt  want  in  carry- 
ing out  metallurgical  investtgations,  and  more  especially  in  those 
connected  with  the  iron  and  steel  industry* 

One  of  those  who  have  devoted  themselves  with  the  greatest 
energy  to  the  solution  of  this  problem  is  Mr,  J.  A.  Brinell,  chief 
technical  manager  of  the  Fagersta  iron  and  steel  works  in  West- 
manland,  Sweden*  In  the  course  of  his  untiring  studies  and 
investigations  of  the  properties  of  iron  and  steel,  \^\a  a.\X^TititfiTx 
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w&g  {iT8t  directed  to  this  particular  subject  throagh  the  mmt  M 
some  ready  and  at  the  same  time  easy  and  trustwortby  mMPsJ 
coDtrolliDg  what  are  called  the  *'  forging  tests/'  commoaty  iwisfl 
to    in    practical    working,   and    of    ascertaining,    in    faet>  hh 
especially  the  relative  hardnees  of  materials.      Since  the  taelbP 
invented  by  Foeppl,  remarkable  in  other    respects,   proved  iy 
be  quite  unfit  for  practical  purposes,  Mr.  Brinell  soon  mada  h 
his  mind  as  to  the  kind  of  method  to  be  preferred,  and  hirifl 
come  to  the  conclusion  that,  in  order  to  ascertain  the  haniiM 
of  a  substance,  some  standard  body  was  primarily  needed  isl 
testing  tool  or  medium ,  he   first  set  himself  to  fiud  one  whidP 
might  prove  to  be  quite  suitable  for  the  purpose*      As  to  tk 
best  form  of  such  a  tool  for  making  an  indentation  or  impts- 
sion,  he  had  no  doubt  that  a  spherical  body  would  be  [inTiiiiM 
to  the  conical,  edge- tike,  or  pyramidal  bodies  formerly  used,  In 
the  former  unquestionably  ofi'ers  a  better  chance  of  obtaifiiD|i 
constant  and  uniform  result,  when  used  at  diOorent  plaoaa  id 
on  different  occasions.     The  next  point  to  be  decided  was  tbs 
composition  of  the  material^  which  ought  necessarily  to  be  €i- 
ceptionally  hard,  and  at  the  same  time  easy  to  procure,  aad  » 
far  as  possible  not  liable  to  alterations  in  its  niechiinteal  ptD- 
per  ties.      It  then    struck  him  that  hardened  steel    balls,  ^ndi 
as  are  used  in  ball  bearings,  might  do  for  his  purpose*     Then? 
balls  are  always  made  in  a  most  careful  and  rational  manner, 
from  very  superior  and  homogeneous  material,  and  at  the  saiMi 
time  they  are  accurately  assorted,  by  picking  out  and  discardra| 
any   which   may   be  found   to   differ  from  the    others  in  ihtit 
degree  of  hardness. 

Tlie  balls  made  use  of  by  Brinell  in  his  experiments  were  oIh 
tained  from  the  **  Deutsche  Gusa-stahikugelfabrik  "  at  Schwftia- 
furth,  and  have  proved  to  be  excellent.  There  are,  in  fact,  vert 
few  instances  on  record  of  their  breaking  or  flattening  even  w\m 
testing  thoroughly  hardened  tool  steel  of  the  highest  pert> 
of  carbon,  or  on  thorough  white  cast  iron,  containing  5  per 
of  manganese. 

According  to  Brinell,  no  method  purporting  to  determine  harf* 
ness  is  to  be  considered  as  suitable  for  practical  use,  unless  M- 
filling  the  following  requirements: — 

1.  It  must  give  trustworthy  results* 

2,  It  must  ba  easy  to  learn  and  to  apply ^ 
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There  should  be  no  necessity  for  costly  or  ^ttme-wasting 
mechanical  treatment  of  the  material  previous  to  the 
testing. 

The  testing  medium  for  forcing  into  the  material  to  be 
tested  should  be  cheap,  easy  to  obtain,  incapable  of 
altering  its  shape,  atid  of  a  sufficient  hardness. 

5.  The  method  should  admit  of  finished  articles,  as  for  in- 
stance  armour  plates,  projectiles,  &c,,  being  tested  without 
damage  to  the  objects ;  and 

6.  The  testing  results  should  be  indicative  of  the  absolute 
hardness  of  the  material  tested. 

The  method  invented  by  Brinell,  which  he  hopes  will  prove  to 
rheii  finally  worked  out,  qnite  satisfactory  on  all  these  points, 
st9  in  forcing,  by  means  of  pressure,  a  hardened  steel  ball 
^lo  tlie  ujaterial  to  be  tested  so  as  to  cause  an  impression,  the 
aeter  of  which  is  then  to  he  measuredj  in  order  to  obtain  the 
ical  area  of  the  concavity.  The  quotient  resulting  from 
ig  the  maximum  pressure  by  this  area  will  then  represent 
irhat  is  called  by  Brinell  a  hurdjiem  iimnbcr,  indicating,  according 
him.  the  amount  of  pressure  (kilogrammes  per  square  milli- 
metre) to  which  the  material  so  tested  has  been  subjected. 

With  regard  to  the  hardness  number,  taken  in  this  sense, 
is,  however,  a  certain  misconception  likely  to  arise.  If 
test  were  to  be  conducted  in  a  manner  similar  to  that 
ribed  above,  but  using j  instead  of  a  ball,  a  flat  circular 
5,  supposed  to  be  absolutely  incapable  of  altering  its  shape, 
would  no  doubt  be  quite  right,  but  the  case  becomes  quite 
lerent  when  the  impression  is  made  by  means  of  a  spherical 
There  is  then  not  only  a  certain,  however  slight,  altera- 
MB  to  the  shape  of  the  ball  to  be  considered,  but  there 
also  be  taken  into  account  the  variations  occasioned  by  the 
&rial  being  to  a  certain  extent  forced  upwards  around  the 
hdl  as  the  latter  enters  into  it  But,  apart  from  this,  a  more 
idequate  expression  of  the  superficial  pressure  would  be  obtained 
by  dividiD^^  the  pressure  used  by  the  projection  of  the  concavity 
tbftn  by  the  area. 

It  is,  however,  not  the  object  of  this  paper  to  investigate  the 

bJ6Ct  further  from  this  poiut  of  view— which  would  require 

comprehensive  preliminary  data  than  are  yet  available — 
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bat  only  to  -give  an  account  of  tlie  results  alreadj  obtibied 
by  Briiiell  from  liis  own  observatioue,  noting  Ins  n??^nraiK« 
as  to  the  prelimiuaTy  aud  somewhat  desultory  cbamcl^r  d 
tbe  method  hitherto  employed.  Hence  any  further  iaires^ 
tion  as  to  its  theoretical  value  and  import  would  fnr  i^ 
present  be  out  of  place,  and  should  be  postponed  until  lit 
conclusion  of  the  inquiry  and  ex  penmen  ts,  which,  thanks  U 
a  niuuificent  subvention  granted  by  the  JenU^^niorri^  lit 
being  carried  out  on  a  very  extensive  scale  aL  the  Imi 
for  testing  materials  of  the  Hoyal  Technical  Hi«^h  School 
Stockholm. 

Apart  from  the  question  whedier  Brinell  is  right  or  wroDj 
taking  the  term  "hardness  number,"  aa  he  does,  in  a 
Uteral  sense,  there  seems  to  be  hardly  any  objection  wbiti 
can  be  raieed  against  his  mode  of  proceeding  in  order  to  anirt 
at  his  result.  While  dividing  by  ihe  area  of  the  concave 
surface  instead  of  by  its  projection,  the  result  is  no  doubt,  to 
a  certain  extent,  rendered  independent  of  the  alteration  of  the 
material  as  to  hardneaSp  caused  by  the  ball  being  forced  ti$. 
The  fact  is  that  there  is  noticeable  an  effect  similar  to  tlitt 
caused  by  working  metals  in  the  cold  state,  this  effect  bemg 
increased  the  deeper  the  ball  is  forced  into  the  material,  or, 
in  other  words,  that  there  may  be  different  hardneas  nunibeti 
obtained  with  the  same  material,  according  to  the  depth  of  tk 
impress! on •  But  this  inconvenience  is,  at  least  to  some  eitent, 
done  away  with,  when  proceeding  in  the  mimner  proposed  bj 
Erinell,  because  the  increase  of  the  area  of  the  concavity  ii 
more  rapid  tlian  that  of  its  projectioUj  and  thus  the  vansiioa 
of  quotients  is  also  less  considerable  than  by  taking  the  ptt^ 
jection  as  the  divisor,  This  will  be  shown,  moreover^  by  sonw 
experiments  to  be  related  further  on* 

The  tests  are  performed  by  the  Brlnell  method  in  the  followttig 
manner : — 

Out  of  the  material  to  be  tested  there  is  ent  a  piece  of  t 
sufficient  size  to   obtain  a  flat  test  specimen  of  a    rectang 
shape,  say,  for  instance,  soine  30   millimetres  square  by  a 
10  millimetres  in  thickness*     The  dimensions  may  vary  doi 
to  a  certain  minimum.     It  appears  from  Brinella  ezperinoeDts 
that  above  a  minimum  thfelcnese  of  2*5  millimetres  the  testing 
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results  are  not  affected,  whilst,  with  regard  to  the  width,  the 
apecimeii  need  only  be  wide  enough  to  preveot  any  deforma* 
tioQ  of  the  sides,  in  conseqnence  of  the  displacement  of  the 
material  caused  by  the  subsequent  compression.  A  width  of 
SO  miiUmetres  is  found  to  be  all  that  is  required  for  euch  a 
purpose.  Besides^  it  is  by  no  means  necessary  to  give  the 
specimen  a  strictly  regular  shape,  it  being  quite  enough  if  two 
of  the  vertical  sides  are  about  parallel  to  one  another,  and  the 
testing  surface  quite  smooth.  Nor  is  there  in  general  any  need 
for  the  elaborate  preparation  of  the  surface,  although  this  would, 
■of  course,  facilitate  the  reading  off,  and  render  it  more  exact 


I 


I 
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when  the  impression  is  measured.  Whetlier  the  preparation  of 
the  specimens  should  be  mare  or  less  careful  and  elaborate  must 
depend  on  the  degree  of  accuracy  and  precision  required. 

The  arrangements  necessary  for  carrying  out  the  test  differ 
according  to  the  kind  of  testing  machine  available  for  the 
purpose.  When  using  a  compression  test  machine,  the  most 
convenient  mode  of  proceeding  is  as  shown  in  Fig.  1.     E  and 
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D  &re  the  compression-blocksj  there  heing  placed  on  the  lower  ■ 
OD0  a  small  block,  C,  made  of  steel,  with  a  cavity  in  the 
eeutre  of  the  upper  surface  where  the  ball  ia  to  rest,  which  part 
should  be  hardened.  The  test  specimen  is  placed  between  the 
upper  block  and  the  ball,  and  then  the  pressure  is  applied  in  the 
ordinary  manner  until  the  required  amount  of  loading  is  reached. 

The  influence  of  time  and  the  effect  on  the  testing  results  of 
quick  or  alow  loading  have  not  as  yet  been  ascertained,  but  this 
question  will  be  investigated  during  the  coarse  of  experiments  at 
present  being  carried  out.  fl 

On  removal  of  the  load  the  diameter  of  the  impression  ob- ™ 
tained  is  taken,  preferably  by  means  of  a  microscope,  fixed  with 
a  millimetre  scale,  Vernier  and  cross-hair,  and  finally  the  maxi- 
mum  load  is  divided  by  the  area  of  the  segmental  concavity. 
This  operation  is  facilitated  by  making  use  of  a  ready  -  reckoning 
table,  specially  compiled  for  this  purpose.  Such  a  table,  made 
up  for  a  ball  of  10  millimetres  diameter,  is  given  below  in 
Table  L  According  to  this,  the  diameter  of  the  impression 
being  4*20  millimetres,  with  a  maximum  load  of  3000  kilo^f 
grammes,  the  hardness  number  is  207,  &c. 

If  there  ia  no  special  compression  test  machine,  an  appliance 
not  frequently  met  with  in  private  testing  laboratories,  this  test 
may  be  made  either  by  means  of  some  contrivance  like  that 
shown  in  Fig.  2,  or  by  procuring  some  special  apparatus  to  suit 
the  purpose ;  for  instance,  one  of  the  type  shown  in  Fig,  3,  which 
might  be  found  rather  useful  where  no  testing  macljine  is  avail- 
able* An  apparatus  of  this  kind  was  shown  last  year  in  the 
Fagerata  Works  department  at  the  Paris  Exhibition.  It  consists 
essentially  of  a  system  of  four  springs  within  a  drum,  with  a 
screw-wheel  arrangement,  by  means  of  which  the  loading  opera- 
tion is  performed.  The  maximum  pressure  can  then  be  read 
off  on  an  indicator  scale,  empirically  graduated,  which  is  com- 
bined with  the  spring  system. 

The  contrivance  shown  in  Fig.  2  has  been  used  by  Brinell 
in  all  Ids  experiments,  by  placing  the  apparatus  in  a  50-ton 
Mohr  and  Federhaff  testing  machine,  in  the  same  manner  as 
ordinary  test  specimen. 
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Tablb  L — Diameter  of  Impression^  Area  of  Impremon^  and  Maximum 

Pressure  in  Kilogrammes  per  Square  Millimetre, 

N.B. — Diameter  of  Ball  10  Millimetres, 
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Tablb  m, — Tnjittmfie  on  the  Hardness  Eemlt  of  Different  Diamders  of 
BeUl  and  of  Differeni  Maximum  of  Loading^                      J 
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No. 
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Hard- 

No.    ' 

Impitmlati, 
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No. 
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Mm. 
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Sq.  Urn, 

DiAni. 
Mm. 
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Sq.  Mm. 

Diun. 
Mm. 
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Sq.  Hm> 

s-aj 
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1«0 
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itie 

1 

3<K 
3^^ 

4H6 

7-3796 
10-5888 
15-9044 

272  J 
2B4l 
3151 

1 

According  to  the  above  results  it  appears —                               ■ 

(1)  That  with   a   uniform    loading,  the  hardness  number  if" 
increased  when  using  a  ball  of  a  smaller  size.     For  instance, 
in  the    case   of   material    No,   5    the   uniform    load   of    2000 
kilogrammes  gives   tiie   hardness   numbers    178,  201,  and   208 
with    balls    of  respectively   15,   10,  and    7^5    millimetres    dia- 
meter, &c.                                                                                   M 

(2)  That,  with  the  same  size  of  ball,  the  hardness  number™ 
increases  when  the  loading  is  increased.     Thus,  in  the  case  of 
the  same  material  No.  5  there  is  obtained,  by  means  of  the 
same  ball  of   5    millimetres,   the  hardness  numbers    191,   207, 
and  214,  with  loads  in  the  ascending  rates  of  500,  1000,  and 
1600  kilogrammes  respectively,                                                       fl 

(3)  That  in  both   cases   (uniform  size  of  ball  and  uniform 
maximum  load)  the  divergence  in  the  hardness  result  becomes 
more  strongly  accentuated  when  using  balls  of  smaller  size.          M 

As    already  pointed    out,  these  variations    are    to  be    attri* 
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Although  Briuells  syaloin  stvins  thus  to  ho  niiilitMoiiMy  ju»ti- 
fied,  still  it  must  be  regretlod   tliat  l)u>  n^nultrt  of  hin    mutliud 
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depend  rather  on  the  manner  in  which  the  tests  are  performed, 
in  particular  cases.  In  order  to  obtain  results  to  be  compared 
with  one  another,  there  ought  to  be  certain  general  rules  estab- 
lished as  to  the  mode  of  proceeding  in  testing. 

With  regard  to  the  size  of  the  ball,  Brinell  has  found  the 
diameter  of  10  millimetres  to  be  quite  suitable.     The    reason 


s 


'*"  •^  ^ 

di'.xn. 

5O0 

31:*  5. 

20i> 

cJlst  1. 

ICO 

s                1 

■f             1 

0 

1 

Diameter  of  BaU. 
Fio.  4. 


he  decided  on  this  size  was  that  the  use  of  a  larger  sized  ball 
would  necessitate  the  application  of  a  greater  loading  stress,  in 
order  to  render  the  outlines  of  the  impression  suf&ciently  sharp 
and  visible.  Moreover,  larger  specimens  would  be  required  in 
order  to  avoid  the  risk  of  deformation  of  the  edges  of  the 
testing  surface,  while,  in  comparative  tests  at  the  same  rate  of 
loading,  smaller  sized  balls  would  prove  to  be  less  satisfactory, 
on  account  of  the  faults  of  variation  becoming  more  consider- 
able in  proportion  to  the  reduction  in  size  of  ball. 
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the  impressions  are  apt  rather  too  frequently  to  assume  a  less 
regular  form,  as  shown  in  Fig.  5,  thereby  causing  a  certain  diffi- 
culty in  arriving  at  any  exact  values. 


Fig.  5. 

It  is  somewhat  difficult  to  recommend  either  one  or  other  of 
those  modes  of  proceeding  until  the  whole  method  of  ball- 
testing  be  further  investigated.  The  preceding  remarks  must  be 
considered  as  being  as  yet  only  preliminary  observations  which 
may  eventually  fail  to  be  borne  out  by  future  experience, 
although  quite  justifiable  as  matters  stand  at  present. 

No  further  mention  need  be  made  as  to  the  method,  its  general 
tenor  and  its  consequences.  The  results  of  Brinell's  researches 
now  to  be  described  will  be  only  occasionally  commented  on, 
with  a  few  observations  that  a  consideration  of  the  matter 
suggests. 

Owing  to  the  abundance  of  matter  available,  and  the  long  time 
it  would  require  in  order  to  examine  it  with  due  care  and 
attention,  it  has  been  quite  impossible  to  prepare  for  this  meeting 
an  exhaustive  paper  on  the  subject,  the  object  of  the  present 
paper  being  merely  to  furnish  a  brief  account  of  what  has  been 
actually  effected  up  to  the  present  time,  although  it  is  hoped 
that  it  may  prove  to  be  a  sufficient  basis  for  further  investiga- 
tions, and  at  the  same  time  a  stimulus  to  new  and  more  com- 
prehensive experiments. 

II. — Various  Researches  by  means  of  Ball-Testing. 

A. — Hardness  Determined  in  Various  Kinds  of  Woods, 
Metals,  Alloys,  &c. 

All  these  tests  were  made  with  the  aid  of  balls  of  10  milli- 
metres diameter  —  the  same  size  also  having  been  used  in 
some  ball-tests  in  connection  with  other  researches  to  be  men- 
tioned subsequently,  but  with  different  rates  of  loading  stress, 
occasioned  by  the  considerable  difference  in  hardness  of  the 
various  materials  tested. 
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Table  YII. — Hardness  of  Various  Kinds  of  Wood. 


Kind  of  Wood. 


Lignum  vitw  (GaaiRcuni) 

Ebony 

Beeoh 

Beam-tree 

Walnut     . 

Maple 

Hickory    . 

Apple-tree 

Ash  . 

Pear-tree  . 

Oak. 

Elm  . 

Hornbeam 

Mountain  ash 

Birch 

Juniper    . 

Linden 

Aspen 

Alder 

Larch  (outside) 

M      (pith) 
Fir  (pith) . 
Mahogany 
White  pine  (pith) 
Fir  (outside)     . 
White  pine  (outside) 


Pressure 

on  10  mm. 

Ball 


Kilos. 
50 


Tested 
Longitadinally. 


Diameter 
of  Im- 

Hardoest 
Number. 

pression. 

Mm. 

2-80 

7-98 

3-50 

6-02 

4-55 

2-91 

4  80 

2-59 

4-85 

264 

4-00 

2-49 

4^ 

2-49 

4-95 

2-44 

5-00 

2:« 

605 

2-33 

510 

2-28 

510 

2-28 

510 

2-28 

5-30 

210 

5-80 

1-72 

5^5 

1-69 

6-45 

135 

6-70 

1-24 

6-85 

117 

G;85 

117 

6-90 

115 

6-90 

116 

7-15 

1-06 

7«5 

0-89 

7-80 

0-85 

810 

0-77 

Tested 
Transrersely. 


Diameter 
of  Im- 
pression. 


Mm. 
270 
2-50 
3-45 
8  80 
3*96 
3-40 
3-10 
3-76 
8-50 
8-85 
810 
876 
8-60 
8-90 
8-80 
8-80 
4-55 
3-95 
4-85 
620 
5-00 
4-50 
4-90 
4-95 
^•85 
4  20 


Hardness 
Number. 


850 
10  OO 
618 
4-25 
31>2 
636 
6-46 
4-36 
5<)2 
414 
6-45 
4-36 
5-02 
402 
4-25 
4  25 
2-91 
3-92 
2-54 
1-48 
2-38 
2-97 
2-49 
2-44 
254 
3-45 


B. — Controlling  the  Purely  Practical  Tests  or  "  Forging  Tests!* 

According  to  a  custom  prevailing  in  Sweden,  as  also  in  many 
other  places,  every  charge  of  iron  or  steel  is  practically 
tested  by  means  of  a  so-called  forging  test,  as  well  as  by  means 
of  the  chemical  carbon  determination  usually  performed  in 
Sweden  by  the  Eggertz  method,  while  the  combustion  deter- 
mination is  used  but  rarely,  as  for  instance  in  doubtful  cases,  or 
even  periodically  for  checking  purposes.  Although  the  Eggertz 
method  should  give  exact  and  trustworthy  results  as  to  the  per- 
centage of  carbon,  this  is  far  from  being  always  the  case,  the 
irregularities  that  occur  every  now  and  then  becoming  more 
noteworthy  with  increasing  quantities  of  extraneous  matters  con- 
tained in  the  iron,  such  as  chromium,  nickel,  and  manganese, 
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tlf  in  CBM  of  imperiect  ftnnoaliiig.     Utilesi  Ibe  ctod  is 

sad  cuef  oU  J  anib^lad,  \Jtie  ijggeits  test  will  provB  to 

l^  ftlmost  woitUeas,     The  forging  lesi  referred  to  is  osiYj  to  be 

t  M  pffsctieil  metliod  of  cUmiijmg  tfao  boo  or  ileei 

looofdtBg  to  •  oertain  acmle  of  hardiien^  tha  gnditft- 

of   which   htm  hmm.  to  tnsde  ss  lo  correspoctd  to  a  oer- 

Ysia  exteat  i&  s  matokl  of  ordtiiarf  oompoaitioii  y>  fw*f!iifliffg 

peroeiitagas   of  ouboii.      The   icsidia    obtained   bj   mMHi  ot 

this  test   wiU,  boweTcr,  be    inlnenced    not  oalj   bjr  the    per- 

eeoti^  of  oifboa,  bml  slfo  to  a  oonsiderabfe  exteni  hf  the 

pfeeeiioe  of  otte^  eata^maam^  whUe  «t  the  same  time  the  whole 

tMl  depeaib  to  a  eoDiewhat  oooaiderable  exteot  on  the  iadiTidiial 

fikill  aad  jodgmeiit  of  the  apentor.  sltbotigh  it  most  be  ooiifee«d 

that  the  degree  of  alnQ  end  aoetsiiM^  of  jtidgQieDi  dsiplajad  by 

the  Swedish  foigiag  tectefs  is  ignite  astonishiiig^     As  slz«ady 

neatiotiedp  it  wss  the  meed  for  reodemig  these  t^liiif  opefa> 

tiooB  as  &r  ss  poeeihile  independent  of  aaj  m^  infliieDoes  of  a 

casosl  end  pefsoiisl  ebarscter,  which  first  made  Bdadl  think 

of  deiisiiig  some  olher  more  BStisiacfaity  aod  lataoosl  method* 

At  the  Fig^sla  works  it  has  beeoine  a  fixed  nxk  thai 
STeff  diat^  of  opea^hesfth  steel  shoiild  be  eeatrolled,  as  to 
haidafess,  by  meaos  of  ball4esttiif .  Tbe  test  spectmens,  sAer 
hanng  been  carefally  azmeakd,  are  prepared  just  as  bir  as  need- 
ful bj  smoothing  off  one  oi  tbe  sides  on  an  emery-wheel,  taking 
ears  in  so  doing  that  the  steel  is  not  heated  to  any  sppreciafale 
eitent^ 

A  scale  of  the  ascending  rates  of  hsidneas,  as  established  bf 
Brinell  in  tbe  case  of  ofdifiai^  Fageiala  steel,  togeth^  with  the 
oorrespooding  carbon  peroenlages,  is  giian  bdow,  in  Table 
Vllt  :— 
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According  to  the  above  scale,  it  appears  that  the  increase  in 
hardness  and  in  carbon  contents  does  not  always  take  place  at 
the  same  rate.  This  is  to  be  explained  by  the  variations  in 
the  percentage  of  manganeEe  and  silicon  met  with  in  Fageista 
steel  of  different  percentages  of  carbon.  Thus  the  considerable 
increase  of  hardness  to  be  found  in  the  case  of  0'2  per  cent 
of  carbon,  as  compared  with  0"3  per  cent,  is  due  to  the  low 
percentage  of  manganese  and  silicon  in  the  0'2  per  cent,  earbon 
steel,  while  the  corresponding  percentage  of  those  constituents  is 
rather  high  in  the  0*3  per  cent  carbon  qnality.  On  the  other 
band,  the  difference  in  hardness  between  0^6  and  0"7  per  cent 
of  carbon  is  comparatively  small^  depending  on  the  high 
percentage  of  manganese,  in  the  former  ease,  against  a  lower 
one  combined  with  the  higher  percentage  of  carbon. 


J 


C. — ffardening  of  Iron  and  Stcci, 

It  is  now  many  years  since  Brinell  began  his  Investigation  of 
the  question  how  far  and  in  what  manner  the  properties  of  iroi^^ 
and  steel  might  be  influenced  by  different  conditions  of  heating 
and  hardeniog,  and  his  results  and  conclusions  have  also,  in 
some  instances,  been  published.  Thus,  his  well-known  memoir 
on  "Changes  of  Texture  in  Steel  while  Heating  and  Cooling" 
was  published  in  1885  in  the  Ja^nkonhrcts  Aiimdcr^  and  is 
considered  as  a  standard  work.  It  has  betn  translated  into 
several  languages  and  republished  in  a  great  number  of  foreign 
technical  periodicals,  and  is  also  often  referred  to  in  metal- 
lurgical works  of  a  more  recent  date.  On  the  basis  of  the 
results  thus  made  known,  a  "  Graphic  Table "  has  also  been 
published,  where  the  various  conditions  of  hardening  and 
annealing,  especially  with  regard  to  the  changes  of  texture, 
are  diagrammatically  shown  in  an  ingenious  and  lucid  manner. 
This  table,  which  was  brought  to  the  notice  of  the  members  of 
the  Iron  and  Steel  Institute  at  the  annual  meeting  held  in 
Stockholm  in  1898,  and  subsequently  exhibited  in  Paris  last 
year,  was  originally  only  intended  as  a  guide  for  the  use  of 
technical  schools  and  mechanics'  institutes — as  indicated  by  its 
modest  heading — although  it  has  no  doubt  also  been  found  most 
useful  in  quite  different  and  far  wider  circles. 

*  JtmrmU  ofih§  Ir^n  and  Sttel  tntiitJtie,  1S@6,  p.  SS€, 
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other  band,  it  causes  the  carbon  to  re  mam  to  a  far  gr««ler  extent 

in  the  state  of  hardening  carbon  than  wottld  he  tlie  cusD  if  tht 

EnAterial  was  left  to  cool  down  slowly  without  disturbitig  tib/9 

retrogmde  process  of  the  carboa  resuming  its  carbidQ  c)i&raclf«r. 

An   adequate  e^cpression   for  the   hardness  €li|iacity  of  i  Bt^jA 

material  ought  to  be  arrived  at  without  fited  for  taking  inUi 

account  any  other  constituents  thau  the  carbon  ;  and  tli«!  t^ifiiest 

means  of  accomplishing  this  would  seeui  to   Xw-  by  talking  tho 

term  of  **  hardness  capacity  "  in  a  somewhat  altenHl  ^n^e,  or  so 

as  to  be  expressed  by  the  raiw  of  increaaed  hanhirss  iind  not 

by   the  differeneej  in    which  caee  the   value  reqnirrtd   Wtuild    b<^ 

obtained  by  dividing  the   hardness  uunthor  obtnintMl  afti^r  hard* 

ening  by  the  one  obtained  before,  instead  of  subtractiii|{  tli« 

preyious  hardness  from  the  one  acquired  by  hardening^  aeeorti- 

ing  to  the  scheme  originally  devised  by  Br  in  ell. 

^p   The  object  of  this  alteration  will  be  better  imderstnod   hj 

comparing  two  of  the  results  obtained  by  Brinelli  to  bfl  fouiici 

Table  IX.     In  the    case  of  the  material   Na  2   (0-0  20 
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per  cent,  otherwise  normal  composition),  the  difference  betwee 
the  respective  hardness  numbers  (196  —  115)  would  be  8 
while  in  the  material  No.  3  (0  =  0*25  per  cent.,  other  wis 
normal),  the  corresponding  difference  would  be  311  —  143  = 
168.  If  those  figures  of  difference  were  to  be  accepted  as  r< 
presenting  the  hardening  capacity  of  the  respective  materia] 
it  is  obvious  that  this  capacity  would  be  inferior  in  the  materi 
No.  2,  as  compared  with  No.  3,  by  not  less  than  52  per  cen 
(^—^^  X  100).  But,  on  considering  the  somewhat  unimportai 
difference  in  the  percentage  of  carbon,  only  0*05  per  cent.,  sue 
a  result  could  not  well  be  accepted  as  expressing  any  exa^ 
value,  as  two  materials  so  slightly  differing  as  to  percenta< 
of  carbon,  could  hardly  differ  to  such  an  extent  in  hardenii 
capacity.  On  the  other  hand,  when  by  hardening  capacity 
understood  the  ratio  of  hardness  after  hardening  to  tl 
previous  degree  of  hardness,  which  ratio  indicates  how  man 
times  harder  the  material  has  become  in  consequence  of  harder 
ing,  the  result  would  be,  ii  the  case  of  No.  2:  ^1™!'''^^'  ^° 
in  the  case  of  No.  3  :  ^=2*18.  This  shows  that  the  forme 
material  is  inferior  to  the  latter,  as  to  hardness  capacity,  only  b 
22  per  cent,  (^^li;^!^  x  100),  which  is  a  rather  more  exact  exprej 
sion  of  the  comparative  value.  Moreover,  with  this  mode  ( 
procedure  the  eventual  influence  of  a  superior  percentage  < 
silicon  is  to  a  certain  extent  done  away  with. 

Eeference  must  now  be  made  to  a  great  number  of  exper 
ments  made  by  Brinell  while  applying  his  new  testing  methot 
in  order  to  ascertain  various  facts,  conditions,  and  circumstanc( 
connected  with  the  process  of  hardening. 


1.  Tnfiucnce  of  the  Percentage  of  Carbon  on  the  Hardening 
Capacity, 

The  results  of  those  researches  are  contained  in  Table  15 
and  are  also  shown  graphically  in  Fig.  6. 
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From  the  above  figures  it  appears  iha:  ;he  harvioning  cai>aci5Y 
increases  with  the  percentage  of  carbon  until  0*4.*^  jH>r  cont». 
when  it  becomes  nearly  constant  with  the  asceiuiing  rates  of  car- 
bon up  to  0"90  per  cent.,  beyond  which  point  thoro  is  a  viocn»jis<o. 
The  lower  limit  is  the  one  generally  agrcoa  uihmi  as  being 
the  lowest  one  admitting  of  any  liaixloning  at  all.  or  in  othor 
words,  of  the  material  acquiring,  when  lieatcd  and  suddenly 
quenched,  such  a  degree  of  hardness  as  not  to  bo  sonitchod  by 
the  file.  A  most  interesting  fad  ostublishod  by  thoso  ivsults  is 
that  the  hardening  capacity  thus  pnuos  to  bo  fairly  constant 
within  80  large  a  range  of  iho  stool  region,  thoro  being  no 
decrease  to  be  observed  except  in  the  grades  of  steel  with  a 
somewhat  high  percentage  of  carbon. 

2.   Hardening  Effivt  of  Dlj/rnut  Qifnu-fiifiif  IsUfuids, 

The  hardnesses  of  the  sle(d  umo«1  in  tlieso  nxperinioTits, 
No.  1  (C  =  010  per  cent.).  No.  U  (('  Oi:.  prr  dent..),  and 
No.  12  (C=125  per  cent.),  wern  at  lirst  deleiinined  after  pre- 
vious annealing,  and  then  aft(*r  hardening  l)y  nieann  of  tlie 
respective  quenching  liquids  nH^nti(nie<l  Iwlnw. 

It  must  be  remembered  that  tlio  exprrinientn  of  thiM  nlasH  are 
by  no  means  sufficiently  anaIo;,'r)nH  to   tlionr  Junt  donoribud  to 
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admit  of  a  direct  oomparison  of  results  of  either  series,  these 
resnlts  being,  in  fact,  only  of  a  relative  character  within  their 
lespective  classes.  The  two  investigations  were  undertaken 
quite  independently  of  one  another,  on  different  occasions, 
and  there  were,  unfortunately,  no  arrangements  made  at  the 
time  to  ensure  the  materials  being  similarly  annealed  in  the 
corresponding  experiments  of  each  group,  nor  is  there  any  cer- 
tainty as  to  the  hardening  temperature  having  been  more  or  less 
uniform.  This  is  no  doubt  to  be  regretted,  but  at  all  events 
an  opportunity  is  afforded  of  forming  an  accurate  idea  as  to 
the  relative  value  and  importance  of  the  results  obtained  with 
difierent  materials  within  each  group,  as  the  treatment  of  the 
material  was  in  each  case  identical  in  all  experiments  of  the 
same  series. 

The  results  of  these  researches  are  given  in  the  Tables  X.  to 
XIII.,  and  are  shown  graphically  in  Fig.  7. 


Table  X. — Hardening  Effectiveness  of  Various  Quenching  Liquids, 
Temperaiure  of  Hardening^  880*  0, 


KaterUl. 


Hardness 

Number. 

Hani- 

I  eiiing  , 
Before  '  After     Crph- 
' I   city. 


Quenching  Liquid. 


Steel  No.  1. 

CompotUion. 

C    =0-10  per  cent. 
Si   =0007     „ 
Mn=010       „ 
S    =0-020     „ 
P    =0-026      „ 


Hardening. 


1)9 


112 
118 

121 

124 

128 

131 
13-1 

137 

141> 
150 


113 
119 

1-22^ 

1  -25 

l-21)j 

1-32 
1  -35 

i;^m| 

1T>1 
1-58 


202     I  2  04 1 


I  Lead,  3:>0'* 

lioiling  water 
I  Skimmed  milk,  20"  25" ;  home  nuot, 

I  Wootl  t.»r.  80"  I 

(■hum  milk,  freiih  milk,  itctrolt'Uiti. 
20'*-2;V 
I  TttUow,  m" 
Whey,  NU^ihurio  noid,  20"  2fi" 
HimH  HtdutKui.  20''>2ri''  (1    Muap,   10  | 

water) 
Common  water,  20*  25"  ! 

I  Kulutifm  of  salt  (sHturatid),  20'  25' 
»S<)luti<}n      of       soda      (■ntuiutml), 
20"  25" 
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Table  XI. — Hardening  Effectiveness  of  Various  Quenching  Liquids. 
Temperature  of  Hardening,  780*  0. 


Material 

HardneM 
Number. 

Hard- 
ening 
Capa- 
city. 

Quenching  Liquid. 

Before 

After 

Hardening. 

Steel  No.  6. 

Composition, 

C    =0*45  per  cent. 
St    =0-27      ,. 
Mn=0-45     „ 
S    =0018    „ 
P    =0-028    .. 

202 

217 
223 
235 
241 
248 
.  256 
293 
302 

402 

555 

600 

627 

652 

1-07 
110 
116 
119 
1-23 
1-26 
1-45 
1-60 

1-99  1 

275 

2-97{ 

310 

3-23 1 

Boiling  wmter 

Chum  milk,  20'-26* 

Wood  tar,  «r 

Lead  about  360^1 

Petroleum.  20'*-26« 

Horse  raet,  tallow,  80" 

Skimmed  milk.  2(r-25' 

Freth  mUk,  20^-25**                           i 

Sulphuric  acid  (spec.  gr.  =  1*837), 

Whey,  20"-26' 

Soap  ^solution  (1  soap,  10  water), 

Solution  of  salt  (saturated) 
Solution  of  soda  (saturated),  com- 
mon water,  2Cr-25' 

Table  XII. — Hardening  Effectiveness  of  Various  Quenching  Liquids. 
Temperature  of  Hardening,  780*  C. 


Material. 

Hardness 
Number. 

Hard- 

1 

1 

Before 

After 

ening 
Capa- 
city. 

Quenching  Liquid. 

Hardening. 

Steel  No.  12. 

Compotition. 

0    =1-25  per  cent. 
Si   =0-60      „ 
Mn=0-20      „ 
S     =0010    „ 
P     =0027    „ 

311 
»» 

387 
430 
444 

460 

477 
495 

312 

600 
627 

1-24 

1-38 1 

1-43 

l-48{ 

1-53 
1-59 

1-61  [ 

1-93 1 
202 

Boiling  water ;  frwh  mUk,  20'-25' 
Wood  tar,  80";  skimmed  milk,  20''- 

25";  lead,  about  860' 
Petroleum,  chum  milk,  20^-25* 
Tallow,  80* ;  soap  solution  (1  soap, 

10  water).  20*-25' 
Horse  suet,  80' 
Common  water,  20'-25' 
Whey,  solution  of  soda  (saturated), 

20'-25' 
Sulphuric  acid  (spec  gravity  l'837)i 

20**-26' 
Solution  of  salt  (saturated),  20''-25'' 

According  to  these  experiments,  it  appears  that  there  is  a  con- 
siderable diversity  of  hardening  efficiency  met  with  in  different 
quenching  liquids,  and  the  results  thus  obtained  ought  to  be 
of  value,  as  a  guide  in  particular  cases. 
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4.   Irifltience  on  Hardening  Residt  of  Different  Hardening 
Temperatures, 

The  object  and  purpose  of  hardening  is  not  only  to  fix  to  the 
ireatest  possible  extent,  by  means  of  sudden  quenching,  the 
airbon  contained  in  the  material  in  the  state  of  hardening 
offbon,  but  also  to  obtain  a  steel  the  structure  of  which  will 
be  as  finely  crystalline  as  possible  or  amorphous.  It  is  only 
vhen  both  of  these  conditions  are  complied  with  that  a  harden- 
ng  operation  may  be  considered  successful.  The  proper  hard- 
ling  heat  is  fairly  well  defined  within  certain  limits,  both 
ipwards  and  downwards,  the  lower  limit  being  the  tem- 
poatore  required  in  order  to  effect  a  transformation  of  the 
cement  carbon  into  hardening  carbon,  below  which  there  cannot 
ke  aoj  hardening  at  all,  except  a  certain  hardness  mechanically 
dfeeted  in  consequence  of  the  sudden  cooling,  and  the  upper 
one  being  the  temperature  which  should  not  be  exceeded  in 
Older  to  avoid  the  formation  of  a  more  or  less  coarsely  crystal- 
line structure,  thus  rendering  the  steel  brittle,  and  at  the  same 
time  hard.  In  Table  XIV.  are  given  some  comparative  results 
obtained  by  hardening  at  too  high  and  too  low  temperatures,  as 
well  as  at  the  proper  hardening  temperature. 


Table  XIV. — Influence  of  Hardening  Temperature  on  Hardness  Result, 

Specixnens  after  being  heated  up  to  the  respective  temperatures  here  indicated, 
quenched  with  water +  20**  C. 


St««l. 

Hardening  Tem- 

Hardening Tem- 

Hardening Tem- 

perature 

,  690°C. 

perature,  750"  C. 

perature 

,  lOOO''  C. 

Diameter 

Hard- 

Diameter 

Hard- 

Diameter 

Hard- 

No.     C. 

Si. 

Mn. 

of  Im- 

ness 

of  Im- 

ness 

of  Im- 

ness 

pression. 

Number. 

pression. 

Number. 

pression. 

Number. 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Mm. 

Mm. 

Mm. 

1      010 

0-007 

010 

515 

134 

4-70 

163 

6  10 

137 

6      0-65 

0-27 

0-49 

3-95 

235 

2-85 

460 

2-96 

430 

6,a    0-66 

0-33 

018 

4  05 

223 

310 

387 

310 

387 

7    ,  0-70 

0-82 

0-22 

3-90 

241 

2-25 

744 

2-25 

744 

1901.— i. 
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D. — Researches  undertaken  in  order  to  ascertain  the  Homogeneous 
Properties  of  Iron  and  Steel,  by  means  of  Numerical  expres- 
sions/or Non- Homogeneity. 

The  causes  influencing  the  homogeneous  properties  of  iron 
and  steel  may  be  classed  in  three  principal  groups,  viz.,  segrega- 
tion, implied  by  the  solidification  of  the  ingot,  irregularities  as  to 
density  or  porosity,  and  finally,  inequality  of  mechanical  treatment. 

The  extent  of  the  segregation  depends  on  the  speed  at  which 
solidification  takes  place.  This  again  depends,  in  particular  cases, 
on  the  size  of  the  ingot,  on  the  temperature  of  the  liquid  mass 
at  the  moment  of  casting,  on  the  size  and  temperature  of  the 
moulds,  and  also  on  the  chemical  composition  of  the  material. 
Segregation  always  requires  a  certain  time,  and  consequently, 
the  more  rapid  the  solidification,  the  less  thorough  and  extensive 
will  be  this  process.  This  has  been  proved  by  practical  ex- 
perience ;  for  instance,  considerable  defects  of  homogeneity,  in 
the  shape  of  conglomerate  formations,  are  often  to  be  found  in 
the  case  of  axles  wrought  from  very  large-sized  ingots,  or  of 
laminated  billets  reduced  from  somewhat  large  dimensions,  while, 
on  the  contrary,  such  defects  are  never,  or  at  all  events  only 
exceptionally,  met  with  in  a  material  obtained  from  ingots  of  a 
moderate  size,  since  such  ingots  are,  in  general,  of  a  fairly  uni- 
form chemical  composition.  With  regard  to  the  casting  tempera- 
ture, the  case  is  analogous ;  the  higher  the  temperature  the 
longer  is  the  time  required  for  the  congelation,  and  the  more 
complete  the  segregation. 

As  to  the  non-homogeneity  caused  by  formation  of  blow- 
holes, porosity,  &c.,  it  will  suffice  here  to  mention  that  such 
defects  mostly  occur  in  the  upper  part  of  an  ingot. 

A  certain  want  of  homogeneity  in  consequence  of  mechanical 
treatment  is  met  with,  more  or  less,  in  any  wrought  material,  as 
the  parts  near  the  surface  of  course  are  more  strongly  afifected 
by  such  treatment  than  the  central  ones,  but  only  in  excep- 
tional cases  is  this  of  such  importance  as  to  cause  any 
serious  inconvenience.  Tliere  are,  besides,  such  irregularities 
as  may  possibly  be  due  to  an  improper  mode  of  mechanical 
treatment,  either  by  certain  parts  having  been  less  effectively 
worked  than  other  ones,  or  by  the  treatment  having  been  carried 
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be 


too  far  in  certain  parts  at  too  low  a  temperature.     However, 
defects    of   this    kind,    although    always   to    be    considered   as 
more   or   less   prejudicial,   are    in    general   of   a    less    frequent 
occurrence. 

There   is    no  doubt    that    the    more    or    less    homogeneous 
properties  of   a   material   are   of  considerable  importance,  and, 
according  to  Brinell,  there  ought  to  be  some  means  of  obtain- 
ing numerical  values  -as  expressions 
of    non-homogeneity,    while    making 
use  of  his  ball-testing  method. 

To  this  end  he  devised  the  follow- 
ing method :  The  test  specimens 
required  are  obtained  by  cutting 
transverse  sectional  slabs  from  4  to 
10  millimetres  thick  from  the  steel 
billet  to  be  tested.  Each  slab  is 
vertically  divided  into  two  equal 
parts,  as  shown  in  Fig.  8  (specimen 
from  a  billet  with  round  comers), 
one  of  the  transverse  surfaces,  as  well 
as  the  contiguous  surface  of  the  inside 
vertical  edge,  being  finished  by  the 
file.  At  an  equal  distance  apart, 
generally  2  millimetres  from  the 
smooth  edge  thus  obtained,  some 
rather  slight  indentations  are  then 
made  in  the  finished  transverse  sur- 
face by  means  of  a  punch,  for 
which  purpose  a  special  guiding  contrivance,  as  shown  in 
Fig.  9,  should  be  used.  The  specimen  thus  prepared  is  placed 
in  a  compression  test-machine,  and  a  5-millimetre  ball  is  placed 
in  the  indentation,  the  burr  of  which  should  be  removed  with  a 
file.  Tiie  test  pressure  is  then  applied,  preferably  by  manual 
power,  but  at  all  events  in  the  slowest  possible  manner,  the 
operation  being  at  the  same  time  closely  watched  by  the  operator, 
in  order  to  enable  him  instantly  to  stop  the  test  as  soon  as  the 
least  crack  in  the  specimen  is  perceptible.  This  test  is  to  be 
performed   three    times   in   the   manner  described   in   the   case 
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obtAiDeii  bj  thiij  methc»d,  wL;le  in  e&cii  L%i5^  iW  cbemujii  c\>m»J 
poiitioii  of  tbe  uMletmlf  azid  the  oonrnpmi&ag  tmeilt  tMt  t«mllt| 
are  mbo  ^vetL  Aecoidiiig  to  llteM  ?isi|]ls»  «  fillhir 
malp^  u  nolkeable  between  the  vmhwt  of  Eon-lioiiioftiiiil^l 
and  the  vamtioos  m  chemical  compasittoii. 

When  PT»iiiiTitng  the  two  ckaigvsi  Ka  3)3$  and  Nix  4SI 
as  to  the  lesxilu  of  the  teasQe  lests^  oo  iudkatioo  whalav 
la  to  be  obtaiiied  as  to  tion-homogiiiieitj  from  th«  valuta  of 
tiltiniate  stress,  while  on  the  other  hatid^  thoit  of  elotigaUci 
do  not  admit  of  anj  doubt  in  this  reaped^  On  co 
the  values  ascertained  b^  means  of  the  tt^nsile  totts  witli  ibQ 
obtained  by  Brineirs  method,  it  would  a^^pear  that  th^  latter' 
gives  rather  more  appro iiimate  and  defiiiit(»  r^aiiUs«  ThuS|  in 
iKo.  3183  the  coefiBcient  of  non-homogeneity  will  be  S7«  aooord* 
ing  to  the  comtmrative  values  of  eloiigation,  a»oort«ini*d  by 
tensile  test3,  of  the  specimens  from  the  oore  atid  thu  utUsiiki  nf 
the  material,  while  the  correspoiulini^  coetUoteut  a<^conliU|*  to  tho 
ball  test  (measures  of  tb©  different  bul^injjn)  in  17.  With 
regard  to  No,  4288,  the  corresponding  *coi^tlUnoii  is  ubtaluod  bjf 
the  tenaite  and  ball  tests  are  resjiocttvely  16  ami  2*0, 

It  seems,  however,  that  this  method  of  proccHfurc  im  ]>rop(\iiml 
by  Brinell  for  determining  iIh^  honiogsneous  pro|H^rtiri,  or  rathor 
the  non-homogeneity  met  with  in  iron  and  steul,  can  hardly  yf<t 
be  accepted  as  thoroughly  satiifactory  ami  fill  tilling'  all  rcqtilrt3» 
ments.     The  results  thus  obtained  are  jirobiibly  only  iixprt^sitivtt 
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mentzmed  laccr,  it  appears,  however,  that  th<?  variations  ia 
K^Tilii»M  pTOTe  to  be  s^joiewhau  uaimportant.  as  v.vtaparv\i  with 
the  Tariatir/iis  in  the  dactile  properties  shown  by  BritieUs  nou- 
homogeneitj  results-  Tnis  assertion  is  also  borne  out  by  the 
fact  X^t  the  results  of  the  two  tests  for  ultimate  stress  in  the 
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case  of  both  charges,  No.  3138  and  No.  4288  (Table  XV.), 
about  the  same,  while  there  is  in  both  cases  a  quite  conspieu^--^?^ 
disparity  between  the  elongation  values.     It  would  seem,  tta^^^ 
that  the  superiority  in  hardness  and  absolute  strength  which  t;ie 
core  of  the  material  shows,  on  account  of  the  segregation,  £s 
compared  with  the   exterior   parts,   is   not   apparent,  while  on 
the  other  hand,  the  disparity  as  to  ductile  properties  is  quite 
strongly  accentuated. 

The  case  above  referred  to,  as  an  instance  of  the  hardness 
variations  being  of  less  importance,  is  found  in  Fig.  11,  which 
does  not  require  further  explanation. 

The  maximum  value  of  variation  with  regard  to  the  ball  test 
impressions  is  here  given  as — 

400 -3-70    -^    -- 
— jtaa —  ^  100=7  5  per  cent., 

while  the  corresponding  value  of  the  bulgings  is — 

118-011 


118 


-  X  100=907  per  cent. 


The    non-homogeneity   number    obtained    in   the    case    of   this 
material,  according  to  BrinelFs  method,  is 


K^»t^-on=oi>5. 


E .  — A nma ling   Temperature, 


With  a  view  to  obtaining  some  convenient  and  trustworthy 
means  of  ascertaining  the  degree  of  annealing  in  a  particular 
steel  material,  Brinell  has  made  several  ball  test  experiments, 
the  results  of  which  are  shown  in  the  following  Table  (XVI.)  : — 


AXb  ormMM  iK}fn3x&&  or  iMim  ksn  ^rmsL. 


tai. 


Iakx  XXh' 


m^$ 

lit 

S^IGA 

sc 
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s^as 

lis 
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lit 
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Ml 
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ft-m 
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4^^ 

OT 

f-iat 

m 

Sirs 
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5 

4^a» 
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m 

4^TS 

]St 

€ft 

4^M 

J9i 

€^SB 

9B 

ITSt 

vm 

r;4M 

Si 

3^M 

96 

4iao 

17t 

r«^ 

ss 

S^iS 

SI 

i^SS 

17< 

ss;^ 

Ai 

1^15 

18ii 

4^75 

1»       1 

IS  .     - 

t^* 

Stt 

»t9i 

90 

iM 

Stt      ) 

F. — It^tmmet  ^  CM-JTmUmg. 


In  order  to  sacerlam  how  ftr  oold-wotkiag  «&efcs  ibd  haBi«| 
Aeis  of  izoB  aad  ited,  Briiiell  lias  mtde  the  foUowiog  expert- 


Fiom  two  25*mi]limetre  steel  bmis^  cold  dmwii  and  annealed, 
rkieh  ooolalned  impKiifdj  1^2  and  0'2&  per  cent,  carbon^  we^aj 
HI  two  qvectmeos,  distinguished  as  1*Sa  and  0254.     Tkm^ 
reoiminlng  pait  of  each  bar  was  tlwn  dmwn  down  to  24  tuilli* 
neiiei^  the  aectaon  being  eonsequenllj  rodiioed  by  some  10  peri 
csenL,  and  the  specimens  of  she  maieral  thixs  treated  are  denoted  ( 
1*2b  and  O'^ob.      The  oompafmUTe  reanlts  obtained  by  means ! 
o£  ball  toting  in  the  case  of  each  specimen  art  oonlained  in 
the  following  Table  (X\~ILX  according  to  which  the  i&cxfaae  ai 
t0  haidneas  oaaded  by  this  dim  wing  operation  is  25*5  per  oenl^  ^ 
in  the  c^se  of  the  0'2o  carbon  specimen,  and  cmly  11*9  per  oent% 
in  the  case  of  the  12  carbon  one.     The  conclusioti  to  be  dmwn 
appears  lo  be  that  by  cold-drawing  the  hardneea  of  a  solt  steel , 
material  will  be  increased  to  a  far  greater  eitent  than  in  the 
of  a  steel  of  superior  hardness. 
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Table  XVIL — Influence  of  Cold-Working  on  Iron  and  Steel 


—       —          -_    . 

—   -         -       .     -.— 



— 

Chemical  Composition. 

Designation 

1 

of  Specimen. 

C.         Si.    1  Mn.   1     S. 

p. 

Per       Per       Per 

Per 

Per 

Cent.  1  Cent    Cent 

Cent 

Cent 

1-2a 

1-20  !  0-33     018 

0012 

0-027 

1-2b 

t»     1     •<          fi 

t« 

,j 

0-25A 

0-25  I  006   !  0-40 

0020 

0-028 

0-25B 

Ml.                    It 

»f 

♦» 

Increase  of  Hard- 

Hardness 

ness  Number  in 

Number. 

Consequence  of 
Cold-Working. 

Per  Cent. 

88 

11-9 

89 

45 

25-5 

66-5 

Another  instance  of  hardness  being  increased  by  means  of 
cold-working  is  also  given  by  an  experiment  undertaken  with 
a  steel  tube  of  36  millimetres  outside  diameter.  Several 
passes  were  given  to  this  while  in  a  cold  state,  without  anneal- 
ing or  using  a  mandrel,  until  the  outside  diameter  was  reduced 
to  22  millimetres  and  the  inside  to  9*5  millimetres.  This  treat- 
ment caused  the  tube  to  crack  afterwards  all  along  one  side,  in 
consequence  only  of  the  excessive  cold-working  of  the  material 

According  to  the  subsequent  ball  tests,  the  hardness  numbers 
ascertained  were,  in  the  case  of  an  unannealed  specimen,  286, 
and  in  the  case  of  an  annealed  specimen,  207. 

G. — Determinations  as  to  Yield  Point,  Ultimate  Stress,  and 
Elongation  in  Iron  and  Steel, 

At  a  somewhat  early  stage  of  his  researches,  it  occurred  to 
Brinell  that  in  the  softer  qualities  at  least  of  iron  *  and  steel 
there  should  be  some  relation  between  the  hardness  number  and 
the  ultimate  stress.  Finding  that  this  supposition  was  borne 
out  by  several  preliminary  experiments,  he  decided  to  undertake 
a  more  extensive  series  of  comparative  experiments,  the  material 
used  being  ordinary  rolled  Fagersta  steel,  without  any  other 
previous  treatment.  To  this  end  two  specimens  of  each  kind  of 
steel  were  taken,  to  one  of  which  the  tension  test  was  applied, 
and  to  tlie   other   the   ball   test.     The  tension   test    specimens 


*  Here,  as  in  general  in  this  paper,  the  term  iron  means  low  carbon  ingot  steel, 
forge  iron  having  never  been  used  as  a  material  in  these  experimentn. 
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laboratoTj  for  testing  material  at  the   Royal   Teelmical  Hij 

School  at  Stockholm. 

Briueli  conaidere^  that  while  attempting  to  find  a  meang 
determining  the  ultimate  stresSi  an  attempt  tiiigbt  as  well 
made  at  the  same  time  to  obtain  determiDations  as  to  yi 
point  and  elongation* 


Table  XYUt—Comjjamtit^  MemUn  of  Temwn  Te^U  and  Ball  fdi 

made  in  order  iu  determirm  the  Yield  Point,  Ultimate  Strem^  afd 
Mlim^aiion  in  iJie  Ca^e  of  Identie^l  Materials. 


Yield  PoinL 

UltiaiJite  Strew, 

Cloneati 

i"'*n. 

1 

Kilogramm^i  per 

Kiiagi  iLtiiiiieR  per 

on  p«r     1 

QbArge 

Onrbon 

Sijuare  Millimetre. 

Bi|Utiie  %hUim«tr«. 

l^«lih. 

No 

p«T  Oeat. 

J 

Tennis 

B^l 

Tensile 

BiLll 

Teniilc 

Bill 

Teit 

l^t 

TMt. 

T«fe. 

T«L 

Ti«i 

ai3s 

OHB 

18-9 

18 -U 

33-7 

327 

201 

261 

4068 

018 

326 

134 

4«i<» 

420 

24^ 

217 

4647 

OitS 

27*0 

19-5 

m-o 

WiS 

24^ 

2S3 

4288 

0-34 

28D 

83*4 

fifi-i 

54-3 

336 

n^ 

ism 

0^* 

^5 

327 

651 

66^0 

181> 

2U 

3006 

0-64 

Mi 

35-7 

77-1 

77  5 

134 

157 

Ills 

0-08 

$5^8 

S9'5 

800 

81-5 

IB -9 

11*4 

3958 

049 

44  4 

.H^-7 

85-7 

840 

14-8 

174 

3D14 

0-65 

4CJ^4 

4S*2 

857 

83-0 

lO'tt 

H-5 

4643 

079 

40  >t 

42'5 

89-6 

88  & 

10  0 

10-8 

4613 

I  17 

51 -2 

54-0 

88-6 

99-6 

2  6 

3-9 

472& 

113 

601 

41-8     I 

90-8 

102  i3 

211 

8  8 

4SS& 

0-94 

46-1 

61 '8 

9Sa 

10S<! 

«7 

67    ' 

1839 

1D5 

501 

4^3 

101-0 

105  0 

57 

fiU 

Aa  a  means  of  ascertaining  the  yield  point,  he  took  as  » 
starting-point  the  molecular  alterations  which  suddenly  occur 
in  any  material  of  iron  and  soft  ateel  under  the  iufluenca  of  a 
tensile  or  conipressioii  stress  at  the  moment  when  the  limit  of 
yielding  stress  is  attained.  To  these  alterations  is  due  the 
formation  of  what  is  called  change  of  configuration  (Fliessfiguren). 

The  method  of  procedure  was  as  follows:  A  test  specimen  of 
the  same  size  and  shape  as  otherwise  used  in  ordinary  baU 
testing  was  prepared  in  a  similar  manner  as  in  the  case  of  the 
nou-homogeneity  testa  described  above.  Besides  finishing  the 
test! II j;  surface,  one  of  the  contiguous  edges  was  also  prepared. 
and  then  a  slightly  concave  impression  was  made  in  the  former 
surface  at  a  distance  of  2  millimetres  from  the  finished   ed| 


Msn 


m  mom  asm 


a  5*QiiUiiDeti« 


ZJ^^iSIBg 


Aem  fmfmmtA  by 
tlie  load  mmA  cw^felfy  lad  ekvly,  vUk 
jg  tlie  polisbed  edge  and  aoiil%ww  wmxhcm^  Tbft| 
placed  aa  to  adaujt  of  a  foil  and  sirong 
ttmivii  m  tbeaa  pazts.  Exactly  al  ifaa  moiiieat 
rben  tlio  jiM  point  vss  axeeeded  a  doliittas  passed  over  the 
!  doaa  to  tlie  spoi  wbero  tlie  ball  vas  bffoed  in,  ihm 
baiDg  doe  partly  to  tlie  aboTe-meiitioiifid  molecular 
[alseiauoos,  and  partif  to  a  oartaiii  miBnte  but  quite  perceptible 
[ijiilgiiig  oat  of  tbe  toaimal  at  tiiat  spoL*  Tim  was  also  the 
1  pot  tit  at  which  the  impveanoii  had  to  be  diacootmued,  aad 
^the  tnaximam  load  to  be  lead  otL  This  latter  was,  in  genetmlyj 
|(CNmd  by    BritieU    to  be   propoftioiial   to    the   yield    point, 

ained  by  means  of  tenrik  teats.       In  Table  XVI IL  are^ 
[abo  cootainad  tint  yield    potnt  valaea   obtmned    in  the  contBai 
Brmella  compaimtiTe   reseafches  by  means  of  oompuatiii 
la.       When  exatnining    ihe    results  a  little  more  dosdy, 
I  conspicuous  lack  of  agreement  is  apparent  in  the  vidnea  obtained 
I  hf  means  of  the  different  tests  as  compared  with  the  corpespond*^ 
'ing  values  of  nltimate  stress.     This  is,  however,  by  no  means 
sitrprising  when  the  exceedingly  difficult  and  delicate  chaimoter  of 
I  the  ball  test  operation  is  considered.     Tliere  are  also,  no  doubts 
[other  factors   to  be   taken   into   account,  which    more   or   less 
ittflueooe  the  final  result,  but  these  are  of  a  more  occasional 
and  secondary  character,  and  have  thus  as  yet  escaped  unnoticed, 
all  events,  it  is  to  be  hoped  that  those  difficuUies  will  be 
overcome,  and  that  some  means  may  be  found  of  rendering  tha^ 
[iparative  results  as  to  yielding  stress  not  less  satistectoiyj 
than  is  already  the  case  with  regard  to  ultimate  atressi^ 

In  order  to  obtain  his  value  of  elongation,  Brinell 
the  same  specimen  and  the  same  method  as  when  determining 
the  yield  point,  only  he  carried  the  operation  further  by  in- 
creasing the  pressure  beyond  the  yield  point  limit  until  the 
perceptible  crack  appeared  in  the  material  bulging  outwartls, 

*  While  pcrftorRtins  this  tioA,  thtre  ought  tn  b«  iome  fir««jiiili^ti  Uk«nt  for  iattj 
IfaAUt  b«i|]g  leM  ufe  thma  tbe  10*miUimitc9  OHM. 
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The  distance  of  the  outermost  point  of  the  bulging,  measurel 

horizontally  from  the  original  rim,  was  then  found  to  be  prJ 
portioaate  to  the  valoe  of  the  elongation  as  obtained  by  toeans  cl 
the  tension  tests.  This  whole  proceeding  was  thus  analogons  to 
the  one  used  in  the  non-homogeneity  tests.  The  comparative 
valtiea  of  elongation  obtained  by  ball  testing  and  by  means  ot 
tension  testa  are  also  to  be  found,  together  with  the  correspond- 
ing values  of  ultimate  stress  and  of  yield  point,  in  the  abofe 
Table  XVIIL  The  results  of  these  researches  are  abo  graphi 
cally  represented  in  Plate  XVIL 

If,  as  may  be  hoped,  the  experiments  and  researches  descril 
above  ehould  be  confirmed  by  further  experiments  to  be  madi 
with  other  materials  of  a  more  or  less  different  chemical  comi 
position,  this  new  testing  method  invented  by  Brine II  will  no' 
doubt  be  turned  to  practical  account  on  a  niost  extensive  scale, 
The  tension  test  which  now  almost  universally  prevails  is  not 
only  expensive  and  tedious,  a  twofold  inconvenience  of  a  some* 
what  serious  character,  but  proves  also^  in  a  great  many  cases, 
quite  impossible  of  execution,  either  because  the  quantity  of 
material  to  be  tested  is  insufficient  for  obtaining  a  test  speci- 
men of  the  size  and  shape  required,  or  because  there  is  no 
means  of  reducing  the  material  to  proper  dimensions.  If  the 
ball  test  should  prove  to  answer  the  purpose,  aa  may  be  the 
case,  within  certain  limits  of  hardness,  this  would  consider- 
ably  alter  the  aspect  of  the  matter  in  question,  since  the  t 
specimens  might  then  be  of  almost  any  shape,  and  of  a  very  sm 
size  (3  to  5  centimetres),  without  there  being  any  need  for  elal 
rate  preparation.  A  very  few  miimtes  only  are  necessary  to 
prepare  them.  For  instance,  in  the  case  of  manufacturing 
ordnance,  the  compulsory  tension  tests  always  occasion  heavy 
expense  and  a  considerable  loss  of  time.  There  is,  to  begin 
witb,  a  good'Sized  piece  required  as  a  specimen,  which  must  be 
bored  out  of  the  material,  and  then  further  prepared  by  turning 
it  to  the  proper  dimensions,  after  which  it  is  finally  to  be 
stretched  until  ruptured.  The  entire  operation  requires,  in 
general,  a  couple  of  days.  On  the  other  hand,  for  the  ball  test 
only  a  small  specimen  is  necessary,  which  may  be  cut  out  from 
any  edge  or  corner  of  the  noaterialj  and  the  whole  proceeding, 
including  the  needful  preparation,  can  be  completed  within  a 
couple  of  hours* 
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to  realise  tbe  superior  leosile  properties  req aired  by  tb«  ooniraot^^ 
might  also  prove  to  be  productive  of  more  harm  than  good. 

Reprdifig   the   matter   from    this    point    of    view,   Brine 
was  induced  to  make  an  attempt  to  devise  some  more   prac*" 
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le  proceeding  m  as  follows :  The  specimen  is  bored  and 
id  ID  tha  manner  shown  in  Plate  XVIIL,  an  11  nim/ball  being 
own  into  the  tube,  where  it  is  stoiiped  by  the  narrowitjg  of 
lore  downwards,  while  the  strokes  are  applied  on  the  top  of 
iodrical  rod  of  hardened  steel,  wliose  lower  end  rests  on  the 

The  dropping  weight  is  5  kilogrammes  and  the  dropping 
kt  of  the  first  stroke  100  mill i metres,  increased  by  100 
metres  for  every  stroke,  the  impact  effect  being  thus  also 
lased  in  proportion*  In  Plate  XVII L  is  also  shown  the  design 
le  drop-hammer,  as  used  in  this  test, 

I  Table  XIX.  are  given  the  results  obtained  by  com  para- 
y  testing  two  diflerent  materials,  the  one  being  Fagersta 
tftrrel  steel  and  the  other  steel  of  foreign  origin,  the 
tm  of  the  Swedish  blank  being  round,  and  that  of  the 
f  Kexagonab  There  is  also  a  certain  difference  caused  by 
pSDt  methods  of  manufacture,  but  apecimens  were  taken  of 
(in  order  that  they  might  be  tested  both  by  tension  tests 
also  by  Brineirs  new  method.  According  to  the  tension 
teaults,  there  is  no  difference  worth  mentioning  as  to 
ty  in  the  two  materials,  although  the  foreign  one  is 
drhat  superior  as  regards  toughness  as  well  as  strength, 
lien  comparing  the  results  of  the  impact  teats  the  aspect 
tatters  is    considerably  altered.      The    Fagersta  steel    en- 

not  less  than  seventeen  strokes  before  being  ruptured, 
\  the  other  material  was  ruptured  at  the  eighth.  When 
kring  the  impact  effect  in  the  respective  cases^  this 
ence  ia  more  strongly  accentuated,  the  total  impact  stress 
lented  by  the  seventeen  blows  in  the  case  of  the  Swedish 
Sal  being  76*5  metre-kilogrammes,  while  the  corresponding 
,  in  the  other  case  (seven  strokes)  is  only  14"0  metre- 
fammea.  When  considering  the  successive  increase  of  the 
ing  height,  stroke  by  stroke,  every  subsequent  stroke 
ients  also  a  corresponding  increase  of  impact  stress,  the  last 
\B  being,  in  fact,  essentially  more  effective  than  the  first 
and  it  is  found  that  the  real  difference  as  to  quality  met 
in  the  two  materials  is  still  more  considerable  than  is 
kted  by  the  above  numerical  values. 

Els  by  means  of  th<*se  comparative  t**sta  it  is  shown  that 
iirh,  according  to  the  tension  tu^t,  thn  fuieTgii  m Serial  was 

U.— i,  T 
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foa»d   to   be  superior  in    m    small  degree  as  ta 
the  Fagersta  steel,  it   proved   to  be  quitt   the 
both  material  were  put  to  the  test  of  a  iuddan 
radiolljr  from  within,      Acconliog  to  the  div>p  tail 
enl&fgemeDt  of  the   material    Imfore  being   rtipCiitid 
than  six  titnei  greater  in  the  case  of  the  Fagotita  UmI 

The  cODclu8ioii  to  be  drawn  from  thesa  les^lta  bv! 
that  tlie  foreign  material  was  found  to  be,  to  a 
father  small  extent,  superior  to  the  Swedish  one 
tested  by  means  of  a  slow  longitudinal  stfisa,  bd 
the  other  hand,  the  Fagersta  steel  proved  to  bft 
saperior  both  as  to  strength  and  tougbnesa  wbtn  betk 
acted  upon  in  a  similar  nianner  by  a  sudden  and  imliiliw<| 
itress,  acting  radially  from  within  the  material^  ot«  a  «d 
worda,  when  being  acted  upon  in  the  same  mane 
case  when  a  gun  is  fired 

There  is  no  doubt  that,  in  any  case  <rf  tenden  fa 
of  gun -barrel  blanks,  there  would  be  a  better  gus 
by  tpeoifying  testing  conditions  according  to  Brinell^] 
than  by  adhering  to  the  old  specifications  which  itilll 
reqairing  certain  values  of  ultimate  stress  and  alocigi&ioO 


L — Injtmnce  of  the  VariaiumM  in  th§  PertmUt^e  i*/  Osrtm^SSk 
amd  Mangan€M  on  th^  MardnsMs  of  Iron  and  SU^ 

In  accordance  with  the  rule  introduced  in  roconl  yctfial 
Vliganta  Works,  as  already  mentioned,  the  ortiinaij  ftm 
''(oiging  tests'*  are  always  controlled  in  the  oaae  of  i 
ebargi  of  open-he&rth  steel,  by  means  of  ball  tasla.  M 
pouring  of  every  charge,  when  about  half  of  the  moltc^ 
has  been  run  out  of  the  ladle,  a  spt^inl  test  ingot,  1|H 
metres  square  hy  100  niillimtjtrea  in  height,  is  oast,  the  M 
of  which  is  then  reduced  by  forging  to  38  by  28  milUii 
A  kng^  of  65  millimetrai  is  then  cut  off  for  us«  aa  a  bil 
fpicimen.  In  ordi^r  to  ensure  the  uniformity  of  Iheaa  I 
iiitiia,  they  are  alwavs  subjected  to  a  preliminary  aani 
tamperattirt  of  800*  C*,  and  are  then  allowed  lo  ooel  il 
open  air. 

On  the  occasion  of  the  Pam  Eshibition   last  yitft  B 
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showed  a  great  number  of  ball  test  results,  to  obtain  which  no 
less  than  1500  different  charges  were  tested.  This  series 
of  hardness  tests  is  doubtless  one  of  the  most  comprehensive 
ever  carried  out  in  the  history  of  iron  and  steel. 

Those  test  results  are  contained  in  a  special  general  table 
given  below  (Table  XX.,  see  Plate  XIX.),  and  are  so  arranged 
as  to  show  at  a  glance  in  every  case  the  respective  influence 
of  the  carbon,  silicon,  and  manganese.  The  same  results  are 
ilso  graphically  represented  in  Plates  XX.  and  XXI. 

On  account  of  the  very  small  and  unimportant  variations  in 
the  phosphorus  and  sulphur  percentages  of  these  compositions, 
BO  teference  is  made  to  these  constituents.  It  is  sufficient 
^.  to  state  that  the  average  percentage  of  the  phosphorus  was 
f  froffl  0-024  to  0*029  per  cent,  and  of  the  sulphur  from  0*005 
^      to 002  per  cent 

On  referring  to  the  general  table,  it  will  be  noticed  that 
these  researches  cover  a  wide  range  of  carbon  percentages,  from 
O'lO  to  1*20  per  cent,  inclusive,  while  the  variations  in  the 
manganese  and  silicon  are  shown  to  be  respectively  from  0*18 
to  1-24  and  from  0  10  to  0-74  per  cent. 

According  to  this  table,  the  possible  chemical  combinations 
would  number  1771,  but  the  material  available  has  of  course 
been  far  from  sufticient  for  producing  such  a  number.  In  fact, 
there  are  only  286  different  combinations  represented  in  this 
series,  and  as  the  number  of  charges  tested  was  1500,  each 
value  given  in  the  table  may  be  taken  to  represent  the 
average  of  about  five  charges.  In  reality,  however,  this  is  not 
quite  the  case,  because  several  of  the  values  were  obtained  as 
the  result  of  testing  about  ten  charges,  while  other  values  only 
represent  a  single  charge.  This  is,  of  course,  especially  the  case 
with  regard  to  those  charges  of  an  exceptional  chemical  com- 
position, such  as,  for  instance,  carbon  =  O'iO  per  cent.,  man- 
ganeses 1*15  to  1*24  per  cent.,  and  containing  at  the  same  time 
O'lO  to  0*24  per  cent,  of  silicon;  or  carbon  =  030  per  cent, 
manganese  =  0*55  to  0*64  per  cent.,  with  055  to  0*64  per 
cent,  of  silicon,  &c.  The  comparative  value  of  the  hardness 
numbers,  as  indicated  in  the  table,  is  therefore  somewhat 
different  in  different  cases,  an  inconvenience  hardly  to  be 
avoided  in  such  a  comprehensive  series.     As  a  rule,  however, 
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every  value  may  be  considered  as  an  average  value,  obtained  bjr 
means  of  testing  several  charges,  several  tests  being  also  loadt 
in  the  case  of  each  charge.  In  all  eases,  where  more  or  less 
irregular  or  exceptional  values  were  obtained,  special  care  wai 
always  taken  to  verify^  by  means  of  repeated  teats^  whether 
such  irregularities  or  exceptions  could  be  accepted  as  real  fac^ 
or  were  to  be  attributed  to  accidental  circunisiances* 

With  such  an  abuiidance  of  material  to  go  upon,  the  meana 
are  afforded  of  arriving  at  many  valuable  conclusions.  It 
requireSi  however,  the  exercise  of  the  utmost  care  to  avoid 
being  led  astray,  and  the  author,  unwilling  to  incur  this  risk, 
permits  himself  therefore,  on  this  occasion,  to  put  forward  only 
a  few  observations  suggested  by  the  preliminary  study  of  the 
matter. 

To  begin  with,  it  should  be  mentioned  that  the  general 
table,  as  given  in  Plate  XI  X»,  difl'ers  somewhat  from  the  one 
exhibited  in  Paris,  in  that  the  respective  values  for  ultimate 
stress  are  for  lack  of  space  omitted.  They  are,  however,  to  be 
easily  found  if  desired,  by  multiplying  the  respective  hardness 
numbers  with  0*346*  It  must  nevertheless  be  borne  in  mind, 
that  this  coefficient,  wljich  expresses  the  ratio  between  hardness 
and  ultimate  stress,  is  not  to  be  taken  as  exact  as  soon  as  the 
carbon  exceeds  0*8  per  cent  Further,  this  ratio  was  only  obtained 
^by  means  of  comparative  tests,  made  exclusively  with  ordinary 
"Fag^psta  steel,  and  is  not  yet  autlienticated  by  tests  with  other 
material  of  a  different  composition. 

Chief  among  the  questions  arising  from  the  comparative  study 
of  the  influence  of  varying  percentages  of  carbon,  silicon^  and 
manganese  on  the  hardness  of  steel,  is  that  which  bears  on  the 
relative  influence  of  those  constituents  when  occurring  together. 
As  already  stated,  irregular  and  somewhat  exceptional  test  values 
occur  occasionally,  and  care  must  be  exercised  that  the  average 
results  are  not  unduly  influenced  by  these.  Thus  the  average 
values  should  be  obtained  by  making  as  many  tests  as  iJossible. 
But  the  difficulty  presents  itself  that  in  many  cases,  with  regard 
to  chemical  composition,  no  values  are  available.  By  taking 
the  average  of  the  results  contained  in  the  general  table  (Plate  - 
XIX.),  Table  XXI.,  showing  the  relative  influence  alluded  to,  has  | 
been  compiled,  which  itidicates,  in  each  case,  the  maximum  and 
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mm  percentages   of   the   other  constituentB   occurring  iu 

ftbmatioa  with  that  one  whose  iafluence  it  is  desired  to  ascer- 

^atid  also  the  number  of  testa*     Since  the  influence  of  the 

and  manganese  is  essentially  leas  than  that  of  the  catboiij 

be  assumed  that  the  average  hardness  values  of  this  table, 

increase  in  a  ratio  correspondiog  to  the  increase  of  the 

percentage,  are  fairly  exact*     Particularly  so  when  it  is 

ered  that  the  limits  of  variation  of  the  other  constituents 

Ejoiewhat  narrow, 

I  calculating  the  average  values  indicative  of  the  influence 

m^  the  percentages  of  carbon  selected  for  this  purpose 

far  as    possible,  those    which    are    combined  with    the 

widely  varying    silicon    percentages,  as  contained  in  the 

table.     This   is  done  for  the  purpose  of  obviating  to 

j^ttDost  such  variations  in  hardness  as  may  be  due  only  to 

mns  in  the  carbon.     In  certain  cases,  the  values  required 

^ihow  the  influence  of  the  manganese^  which  are  not  to  be 

in  the  general    table,  have  been  obtained  by  means  of 

cilatton.     The  values  contained  in  this  table  are  represented 

illj  in  Plate  XXII, 
gain  a  general  idea  of  the  influence  of  the  respective  values 
Ibe  hardness  result,  the  average  increase  of  hardness  was 
ilated  for  every  0"1  per  cent,  of  the  respective  consti- 
tintil  the,  point  of  maximum  hardness  was  reached.  As 
table  shows,  the  hardness  number  increased  by  19  3  for 
O'l  per  cent  of  carbon,  while  the  corresponding  values 
aseendln^^'  rates  of  silicon  and  manganese  were  respec- 
6"4  and  4*0,  This  again  tends  to  prove  the  predominating 
loe  of  the  carbon. 
ti  is  worthy  of  notice  that  the  maximum  point  of  the  carbon 
re  is  so  strongly  marked.  While  the  maxiuiutn  values  of 
itnate  stress  are  generally  obtained  with  about  1  per  cent  of 
>n,  above  which  percentage  there  is  generally  a  decrease  of 
igtb,  it  has  always  been  considered  that  such  is  not  the 
cMe  With  regard  to  compressive  strength  nor  hardness.  The  latter 
fvoperty  may  reasonably  be  regarded  only  as  a  modification  of 
Ibe  former  one. 
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Table  XXI. — The  Relative  Inflitence  of  Carbon,  Silicon,  and 
Manyamse.  on  the  Hardness  of  Iron  and  SteeL 


Carbon. 
ese,  0  2  to  06  p.c. 

Silicon. 

Mangaxisb. 

Mangan 

Mauganeae,  03  to  OS  p.c. 

SilicoD,  OltoO'Sp.e. 

Silicon. 
Carbon, 

01  to  0-5 

Number 

of 
Values. 

p.c. 
HardneHH 

Carbon, 
Silicon, 

02  to 0-4  p.c. 

N""l^^    Hardneai. 
Values.  '  Number. 

Carbon.  0-2  to  0-4  p.c 

Manga- 

NomWr 

of 
Values. 

Hardne« 

p.c. 

Number. 

p.c. 

nese, 
p.c. 

Namber. 

_         1 

010 

2 

10:i 

OiO 

12              133 

:"           1 

015 

3 

120 

Z        ...    1 

0-20 

10 

126 

0-20 

12*              143 

... 

0-26 

13 

141 

0-30 

14 

149 

0-30 

7*'             156 

0-30 

i"        m 

0:55 

15 

163 

1 

...    1     ...    , 

0-40 

13 

166 

oib 

lb"              157 

0-40 

4        1       134 

0-45 

7 

181 

... 

0-50 

8 

205 

o-5b 

6*              159 

0  50 

V             140 

0-.55 

8 

221  ; 

l' 

0-60 

15 

229/ 

0-60 

9*              165 

0-60 

4               141      , 

0-65 

15 

230 

070 

14 

238 

070 

5"              163 

070 

4"             143 

075 

11 

248 

J 

0-80 

10 

256 

o'8b 

4               147     1 

0-85 

7 

260 

... 

1 

OlM) 

10 

270 

o'9b 

4*       i       154     1 

0-95 

8 

271 

...               ... 

1 

100 

11 

277 

1 
... 

\-00      i        4               158 

1  05 

6 

301 

... 

110 

5 

271 

i-ib 

4*             158 

115 

4 

272 

... 

120 

6 

26(3 

... 

... 

Average 

increase  * 

of  hard- 

Average 

increase*  of   hard- 
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p.c.  C 

=  19-3. 

p.c.  S 

=6-4. 

p.c.  Mn=4D. 

*  Until  the  maximum  value  be  reached. 

There  do  not  seem  to  be  any  more  comprehensive  researches 
than  these  available  on  this  subject.  According  to  the  com- 
pression tests  made  by  Kirkaldy,  in  connection  with  his  exten- 
sive researches  on  Fagersta  steel  at  the  time  of  the  Vienna 
Exhibition,  which  included  a  series  of  tests  with  rates  of  carbon 
ascending  from  0*3  to  1*2  per  cent.,  the  compression  strength 
was  shown  to  increase  continuously.  But  these  experiments 
were  not  sufficiently  numerous  to  admit  of  drawing  any  trust- 
worthy deductions.     Tiiis  is  also  pointed  out  by  Howe.*     This 

*  "The  Metallurgy  of  Steel,"  p.  17. 


AND    OTHKR    PROPERTIES   OF    [HON    ANh    STT.EL  295 

T^iiter  seems  inclined  to  assume  that  the  increase  in  hardness 
in  proportion  to  ascending  rates  of  carbon  would  prove  to 
be  unlimited,  although,  for  lack  of  sutUciently  authenticated 
facts  in  support  of  such  a  theory,  he  does  not  express  a  definite 
opinion  on  the  matter.  In  most  other  metallurgical  works  there 
is  practically  no  mention  whatever  made  of  this  property  in 
iteeL  In  view  of  these  circumstances,  it  becomes  the  more 
important  to  verify  Brinell's  results  by  proving  their  real  value, 
ind  a  few  more  remarks  by  the  author  on  certain  details  may 
therefore  be  permitted.  On  comparing  the  values  obtained  for 
the  higher  percentages  of  carbon  in  the  general  table  (Table  XX., 
Plate  XIX.),  the  following  results  will  be  noted : — 

(1)  tf  n  0*18 — 0*24  per  cent.,  the  maximum  value  occurs  in  one  oaae  with  C  =  0*9 

per  cent.,  in  another  with  C  =  1*05  per  cent.,  and  in  a  third  case  with  C  =  1*10 
per  eent 

(2)  Mn  0*25  —  0*34  per  cent.,  the  maximum  value  occurs  in  one  case  with  C  =  0*95 

per  oent,  in  another  with  C  =  1*05  per  cent. 
(S)  Mn  0*35-0*44  per  cent,  the  maximum  value  occurs  with  C   -  I'OO  per  cent., 
but  ii  not  i^eU  defined. 

It  would,  no  doubt)  have  been  more  satisfactory  had  the  series 
been  more  complete  within  the  range  of  the  higher  percentages 
of  carbon,  but  it  seems  probable  that  the  mwcimum  hardness  is 
cbtaifud,  in  tlu  case  of  annealed  steel,  at  a  carbon  percentage  of 
about  1*05  to  I'lO  per  cent. 

The  influence  of  carbon  on  the  hardness  of  iron  is  essentially 
different  at  different  percentages  of  carbon.  In  this  respect 
Howe  *  quotes  some  of  Kirkaldy's  experiments  as  showing  that 
the  influence  of  carbon  on  the  compressive  strength  of  iron  and 
steel  is  strongest  between  0*3  to  O'G  per  cent. 

Brinell's  researches  reveal  the  existence  of  a  similar  law  with 
regard  to  hardness,  since  it  appears,  according  to  Table  XXL, 
that  the  increase  of  the  hardness  number  for  every  0  1  per  cent. 
of  carbon  is :  with  the  ascending  rates  of  carbon  ranging'  from  O'l 
to  0*3  per  cent.  =  23 ;  from  0*3  to  OG  per  cent.  =  27  ;  from 
0"6  to  0*9  per  cent  =  14  ;  while  from  0'9  to  1*2  per  cent,  there 
will  be  a  decrease  =  1. 

According  to  the  same  table,  XXI.,  it  also  appears  that  the 
hardness  effect  of  silicon,  as  determined  by  Brinell,  is  exactly 

-^;=  j.     This  ratio 

•  "The  Metallurgy  of  Steel,"  p.  17. 


296  imlNKLl/s  METHOD  OF  DBTERMI5ING   HUCDKESS 

is  coustant  in  the  case  of  all  carbon  percentages  from  0-2  to 
0*4  per  cent.,  together  with  0'3  to  0*5  per  cent,  of  maiigaiifs 
Tlieso  limits  are,  no  doubt,  somewhat  narrow,  bat  the  niDDbarof 
tests,  by  means  of  which  the  respective  average  ratios  have  been 
attained,  is  very  considerable.  At  the  same  time,  most  <tf  the 
test  values  to  be  found  in  the  general  table  represent  aevenl 
char<i[i*H,  and  thus  acquire  a  certain  importance.  It  will  be  seen 
further  from  the  sauie  table,  XXI.,  and  also  from  the  giaphic 
mpresentution  on  Plate  XXIL,  that  there  is  a  certain  mazimiim 
limit  to  tlie  influence  of  the  silicon  not  less  than  to  that  of 
carbon,  aIthou((h  much  lower  in  the  former  case.  This  limit 
is  readied  at  0*6  per  ci^nt.  of  silicon,  while  in  the  case  of  carbon 
it  occurs  at  about  1*05  per  cent.  According  to  this  table  and 
the  corrcHpouiling  (graphic  representation,  it  is  found  that  the 
increase  of  the  hardness  effect  produced  by  the  silicon  is  very 
nmoh  greater  within  the  range  of  lower  percentages  than  at 
higher  ones.  Thus  the  increase  of  the  hardness  number  with 
ascendinj;  rates  from  01  to  0'3  per  cent,  is  equal  to  23,  while 
from  0*3  to  0*5  per  cent,  it  is  only  3. 

This  result  is  quite  consistent  with  the  more  recent  experience 
of  the  roiil  influence  of  silicon  as  a  constituent  of  iron  and 
steel.  It  would  seem,  in  fact,  as  if  the  old  prejudice  against  this 
metalloid  is  losing  ground,  and  steel  is  now  frequently  made 
which  contains  a  comparatively  high  percentage  of  silicon.  More 
particularly  in  the  case  of  certain  kinds  of  tool-steel,  it  is  found 
that  steel  which  contains  a  fairly  high  percentage  of  silicon 
works  without  crumbling,  nor  does  it,  on  account  of  the  silicon, 
lose  its  capacity  for  hardening.* 

Ah  to  the  hardness  eflect  of  manganese  on  iron  and  steel, 
according   to   Table   XXL,  it  is  not   far  from  one-fifth  of  the 

corresponding  effect  of  carbon  (|-q:o)-     As  in  the  case  of  carbon 

and  silicon,  the  increase  of  this  effect  with  ascending  rates  of 
percentage  is  more  considerable  within  the  range  of  lower  per- 
centages, while  a  corresponding  decrease  is  apparent  beyond  a 
certain  percentage  of  manganese.  The  maximum  hardness  occurs 
at  1  per  cent,  of  manganese,  and  even  at  1*1  per  cent.  It 
is  to  be    regretted  that  the  series  of  results  contained  in  the 

*  JernkontortU  AnnaleTf  1900,  p.  86. 
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il  table  ia  ratlier  incomplete  as  to  the  higher  percentages 
ngamese,  and  does  not  admit  of  ascertaiiiiag  whether  any 
decrease  in  hardness  takes  place  at  these  percentages* 

On  comparing  the  tesulta  contained  in  the  general  table  with 
j  the  graphieal  repreaeiitations  in  Plates  XX,  and  XXL,  it  is  seen 
|thit  untneToits  and  Bomewtiat  sharply  acGentuated  irregularities 
\  occur.  Thus,  for  instance,  in  the  columns  of  the  general  table 
j  giving  the  combinations  of  1  per  cent*  carbon  with  0^45  to 
1  O'M  per  cent  manganese  and  0  10  to  0*74  per  cent  silicon,  the 
Teapeetive  hardness  numbers  are — 


With  0"2  per  cent,  of  tilicon 


m 

•Ml 


Another  instance  is  seen  in  the  case  of  0'50  per  cent  carbon 
combined  with  the  same  percentages  of  manganese  and  silicon  as 
tboTe  when  the  hardness  numbers  are — 


With  0*2  per  ^nt  of  tUtoon 

,,    0  4       ., 

*i     0-5       „ 


203 
1S7 
219 
2M 


Similar  irregnlarities  are  also  to  be  noted  in  several  combina- 

f  lions  containing  045   to  0*54  per  cent  maugat^ese  where  the 

carbon  exceeds  0"5  per  cent*     The  lowest  hardness  number,  then, 

18  a  nile,  corresponds  with  0^3  to  0*4  per  cent  of  silicon.      Thus 

[itaeemfl  as  if  ** critical  compositions"  occasionally  occur  in  a  not 

ffcis  degree  than  critical  temperaturea.     The  latter  are  indicative 

of  certain  variations  in  the  magnetic  properties  of  iron,  and  also 

of  a  certain  transformation  of  the  carboo,  which  is  accompanied 

by  certain  alterations  in  the  mechanical  properties. 

The  following  may  be  cited  as  instances  of  critical  combina- 
tions occurring  within  the  series  of  ascending  rates  of  carbon : — 
In  comparing  the  test  results  in  combinations  with  0'25  to 
0*34  per  cent  manganese  and  0*S5  to  0'44  per  cent  silicon,  it 
is  to  be  seen  that — 

261 
^5 
261 
291 

m 

269 
269 

290 


With  ft  percentage  of  carhon  of  075  t>er  c«nt,  the  hiurddeii  numher  ti 
M  r.  ,.  O'SO       „ 

1^      ,. 
(  •  I  If  ^  ^^      *  I  tt 

I  1»  it  IIU,,  ,, 


flUil 
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A  marked  irregularity  is  noticeable  at  1*00  per  cent  of  carbon. 
In  the  series  of  experiments  with  ascending  rates  of  man- 
ganese it  is  more  difficult  to  obtain  a  true  comparison  of  results, 
owing  to  a  want  of  continuity  in  the  series. 

The  following  instance  occurs  in  the  case  of  the  combinations 
090  per  cent,  carbon  with  O'lO  to  0*24  per  cent,  silicon,  which 
give— 

With  0*2  per  cent.  mani^Dete  the  hardness  number . 


0*5 
0-7 
0-9 
1-0 
11 


205 
255 


29S 
S81 


The  critical  composition  here  appears  to  be  that  of  0*5  to 
0*7  per  cent,  manganese. 

These  two  instances  are  perhaps  a  sufficient  proof  of  ihe 
occasional  occurrence  of  what  are  here  called  "  critical  composi- 
tions." Any  attempt  at  further  investigation  with  the  object  of 
classifying  the  respective  cases  is  rendered  impossible  owing  to 
the  insufficiency  of  the  number  of  test  results,  although  the 
number  of  open-hearth  charges  tested  was  not  less  than  1500. 

In  compiling  Table  XXI.  it  was  found  possible,  by  keeping 
within  very  narrow  limits,  to  obtain  certain  average  values  which 
it  is  to  be  hoped  will  be  found  fairly  trustworthy,  but  all 
attempts  to  lay  down  a  fixed  rule  for  determining  and  regulat- 
ing the  "  critical  compositions  *'  have  hitherto  proved  futile. 

It  should  be  mentioned  that  the  percentages  of  silicon  given 
above,  including  even  the  lower  ones,  are  considerably  higher 
than  those  generally  met  with  in  Swedish  iron. 

In  conclusion,  the  author  desires  to  express  his  great  regret 
that  Mr.  Brinell  has  been  unable  to  find  time  to  prepare  a  paper 
describing  his  own  labours  and  their  results.  In  the  circum- 
stances he  has  ventured  to  undertake  the  task,  under  the 
conviction  that  the  subject  is  one  of  great  importance,  and  well 
worthy  of  the  attention  of  the  Iron  and  Steel  Institute.  The 
concluding  portion  of  the  paper  will  be  submitted  at  the  autumn 
meeting. 
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lESCRIPTION  OF  THE  BESSEMER  SHOP  xVND  HEAT- 
ING PITS  AT  THE  BAUROW  HAEMATITE  STEEL 
COMPANY'S  WORKS,  BARKOWIN-FURNESS. 

■  ' 

P^pise  to  a  request  from  the  Council  of  this  Inatittite  that 
paid  read  a  paper  on  our  newest  plant  at  Barrow,  I  have 
hire  in  placing  before  the  members  a  description,  accom- 
sd  bj  drawings,  of  our  comparatively  new  Bessemer  shop  and 
ng  pita  I  but  before  proceeding  to  do  so  I  will  briefly  relate 
changes  which  Iiad  become  necessary  in  this  department  of 
Jotnpany*s  works  in  order  to  keep  up  with  the  advance  made 
ience  and  practice. 
I  the  year  1865  the  Company,  after  having  experimented 
small  way,  erected  converters  of  5  tons  capacity,  which 
I  followed  by  others  of  8  tons  capacity,  and  there  were 
ing  for  a  period  as  many  as  eighteen  converters ;  as  the  men 
toe  more  used  to  their  work,  and  appliances  became  better 
tedt  the  production  of  each  converter  was  augmented  suffi- 
iy  to  permit  of  a  reduced  number  being  used,  but  there  still 
dned  so  late  as  1806  eight  converters  of  8  tons  capacity, 
ocitig  a  total  quantity  of  about  6000  tons  of  ingots  weekly* 
I  tlie  year  1896  a  new  shop  was  built,  which  eomraenced 
&tions  early  in  1897  j  this  consisted  of  four  converters  o! 
Ions  capacity  eacli,  and  these  will  chiefly  form  the  sub- 
of  the  paper*  How  long  it  may  be  before  these  also  will 
I  to  be  replaced,  it  is  impossible  to  say ;  but  when  it  does 
i  &bont»  it  is  more  likely  to  he  through  a  change  in  the 
ess  of  steel-making  than  a  still  further  enlargement  j  and 
B  it  may  be  regrettable  that  audi  continued  expenditure 
]d  be  necessary,  tlie  fact  that  such  changes  are  made  at  least 
rs  that  when  economies  are  known  to  reatilt  from  it,  English- 
are  not  so  backward  in  enterprise  as  some  writers  would 
t  us  believe* 

H  giving  to  the  Institute  the  description  and  details  o!  this 
bmer  shop,  I  have  no  wish  to  claim  originality  for  any  part 
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of  it  The  shop  and  machinery  were  designed,  constmctedt  mi 
carried  out  entirely  by  the  officials  and  workmen  of  the  Com- 
pany, and  ail  the  plant,  including  the  converters,  cranes, 
and  ingot  strippeTj  have  been  made  at  the  Company's  own  w* 
and  while  it  may  be  that  no  one  contemplates  the  erection  of  t 
Besaemer  plant,  it  is  hoped  it  may  b&  found  that  some  of  the 
details  may  be  of  service  in  the  desi<^n  of  other  steelworks  plant, 
find  if  this  be  so,  the  Journal  of  the  Institute  appears*  a  cok-^ 
veuient  place  for  them  to  be  recorded. 

The  Bessemer  shop  comprises  four  converters,  each  of  20 
tone  capacity,  arranged  in  on©  row,  and  facing  what  is  generally 
known  as  the  pit  They  are  made  of  1-inch  steel  plates^  mi 
encaaed  by  wide  cast  steel  rings,  on  which  are  made  to  grip  the 
trunnions,  which  are  also  fastened  to  them  by  rivets.  The  con- 
verters are  elevated  sufficiently  to  permit  of  a  ladle  standing  on 
a  crane  below  recBiving  the  contents  of  steel,  and  also  that  a 
bogie  on  a  road  beneath  the  converter  can  receiTe  the  %]t^^ 
Each  converter  ia  actuated  by  means  of  a  powerful  pair  of  ver- 
tical hydraulic  rams,  with  racks  and  pinion  acting  in  opposite 
directions. 

In  front  of  the  converters  is  a  platform  supported  by  iron 
columns,  to  which  access  is  obtained  by  an  inclined  roadway, 
along  which  the  molten  iron  ia  brought  from  the  mixer  in  ladles 
of  18  tons  capacity*  These  ladles  are  made  of  steel  five- 
ei^^htii  inches  in  thickness,  encased  as  the  converters  are  by 
rings,  but  with  this  difference^  that  the  trunnions  are  cast  in  one 
with  the  rings.  It  will  be  noticed  that  the  trunniona  are  not 
central^  but  are  in  such  a  position  as  will,  during  tipping»  thro' 
forward  the  contents  of  the  ladle  into  the  month  of  the  con 
verter.  There  is  also  cast  on  this  ring  a  lug  for  supporting  the 
Jadle*  The  locomotive  places  the  ladle  of  iron  in  front  of  the 
converter  mouth,  a  book  engages  itself  on  to  a  pin  fastened  on 
the  ladle  and  lifts  it  up  gradually  until  the  whole  of  its  contend 
are  poured  into  the  converter.  When  the  ladle  is  emptied  it 
again  lowered  on  to  the  carriage  and  returned  to  the  mixer  to  be' 
re-filled, 

Spiegeleisen  is  charged  into  the  converter  in  the  same  manner, 
the  cupola  being  at  one  end  of  the  platform,  and  on  the  same 
level    as    the  converter.      One    cupola   of   the   ordinary  type. 
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a  blast  pressure  of  two  pounds,  is  found  to  be  amply  snffi- 
.  for  tbe  melting  of  the  necessary  spiegeleisen.  Tiie  appliance 
for  lifting  thd  ladle  ia  that  of  a  pair  of  rams,  supported  by 
girders  21  feet  above  the  staging,  to  which  are  attached 
earning  the  four  converters.  Scrap  is  charged  chiefly 
ponriug  in  the  molten  nietal,  thougli,  when  necessary,  addi- 
tra  afterwards  made  from  a  platform  fixed  near  to  the 
of  the  converter.  At  the  back  of  the  converters  there  is 
ft&  inclined  roadway  parallel  to  the  one  in  front,  which  is 
for  the  waggons  supplying  the  scrap  and  tuyeres.  The 
aeot  of  the  shop  includes  underneath  each  converter  a  lift, 
I  is  used  for  the  purpose  of  lifting  and  fixing  into  position  the 
bottom.  Over  this  lift  is  a  roadway,  on  which  at  all  times 
a  truck,  which  receives  the  slag  as  it  leaves  the  converter, 
eoiiverters  are  attended  below  by  two  transfer  cranes,  on 
are  placed  the  ladles  for  receiving  the  steel ;  these  cranes 
the  ladles  to  a  centre  of  casting  crane,  from  which  the 
is  cast  into  moulds.  In  addition  to  the  ladle  cranes  there 
twu  tmaller  ones,  which  serve  for  changin^^  the  ladle  or  any 
work.  All  these  cranes,  whilst  of  different  sizes,  are  of 
Rioe  principle,  the  top  supported  pillar  having  a  wheel 
by  a  ram  and  rack  for  the  turning  movement.  This  is 
simple,  and  is  found  to  work  admirably.  The  cranes  are 
from  the  ordinary  distributing  box,  from  which  the  con- 
and  lifts  are  also  worked. 
b  will  he  seen  that  underneath  the  jib  of  the  casting  crane  there 
a  support,  which  prevents  any  accident  through  a  possible 
iugB  of  the  pressure  pipe  or  a  failure  of  the  water-supply 
tboa^h  any  cause  whatever  ;  for  ouce  the  ladle  is  placed  in  posi- 
tion, the  heat  can  be  cast  independently  of  hydraulic  pressure. 

Ail  the  moulds  are  placed  on  bogies,  each  bogie  carrying  two. 
They  move  forward  under  the  nozzle  of  ladle  as  required^ 
th^  centre  craue  remaining  stationary.  As  the  position  of  each 
tsoiild  haa  to  be  very  exact,  so  as  to  prevent  a  cutting  action  by 
tbe  stream  of  fluid,  as  well  as  loss  by  bad  pouring  while  casting, 
dn  bogies  are  moved  along  by  means  of  a  6nger  fixed  on  a  ram, 
vlueh  ia  situated  on  the  floor  level.  Dispensing  with  the  move- 
l&eitt  oi  the  lar^e  crane  in  casting  is  not  only  a  safer  method, 
bvt  ^iBures  a  great  saving  in  water  pressure. 
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All  the  moulds  are  of  one  size,  being  made  to  hold  2  toot 
steel,  and  in  order  that  the  arrangement  of  casting  should 
well,  about  100  bogies  are  always  in  use ;  the  consequence  ifl^ 
there  is  a  constant  stream  of  bogies  and  moulds  in 
and  by  keeping  them  running  in  proper  order  the  moulds 
come  cool  by  the  time  they  are  required,  without  recourse 
water  cooling ;  the  advantage  of  this  is  well  known.  "] 

At  the  back  of  the  Bessemer  shop  there  is  a  shed  set  apaife^ 
for  the  special  purpose  of  making  plugs.     These  are  made  fnnft. 
tuyeres  26  inches  in  length,  and  the  materials  used  for  ramming;: 
are  pure  gannister  and  tar,  the  latter  having  been  warmed  anf  j 
drawn  from  the  bottom  of  the  tar  tank  to  ensure  freedom  from] 
water.     When  the  plugs  have  been  stoved  for  about  eighieei 
hours  they  are  put  into  stock,  and  always  allowed  to  remaii 
there  at  least  two  weeks ;  if  used  earlier,  they  are  not  found  to 
answer  nearly  so  well. 

Betuming  to  the  shop.  When  the  ingots  have  remained  ii 
the  moulds  about  ten  minutes  the  bogies  are  drawn  forward  to.: 
the  ingot  stripper.  This  is  a  very  useful  machine,  which,  with 
a  minimum  of  labour,  strips  the  moulds  from  the  ingots,  and 
places  them  on  to  an  empty  bogie  that  they  may  return  and  so 
take  their  turn  for  a  re-cast. 

The  ingots  still  on  the  bogie,  but  stripped  of  their  moulds,  are 
taken  to  two  ^as-heated  pits  by  a  locomotive.  These  gas-heated 
pits  take  the  form  of  a  long  passage  or  channel  4  feet  6  incha 
wide  and  7  feet  deep,  at  either  end  of  which  is  a  set  of  regene- 
rators. Tliere  are  five  lids  to  each  pit,  and  they  hold  twenty 
ingots,  that  is  to  say,  four  ingots  under  each  lid  or  door. 

The  doors  or  lids  are  of  cast  iron  lined  with  bricks,  and  are 
supported  by  girders,  on  which  the  four  wheels  of  each  lid  run 
during  the  opening  and  closing.  These  doors  are  moved  by  t 
rack  and  pinion  actuated  by  a  small  hydraulic  ram,  there  being  a 
clutch  for  each  door.  Each  pit  is  served  by  a  small  crane,  similar 
to  the  serving  cranes  in  the  Bessemer  shop,  but  with  the  addition 
of  a  racking-in  motion ;  this  movement  is  obtained  by  admitting 
water  down  the  centre  of  each  pillar  to  a  ram  placed  on  the  jib, 
the  connections  being  made  possible  by  the  use  of  walking  joints 
on  the  top.  All  the  movements  of  this  crane  are  done  by  a  lad 
perched  in  a  high  position,  enabling  him  to  see  all  the  ingots  in 
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pit,  and  at  the  same  time  to  have  all  liis  attentiou  on  his 
The  dogs  in  use  for  charging  and  drawing  these  pits  are 
good.  They  were  first  seen  by  the  writer  while  on  a  visit 
I^Id  the  Homestead  Works,  and  on  his  return  were  immediately 
iiopted,  and  have  been  in  use  ever  since.  They  are  so  made  as 
to  enable  the  man  in  charge  to  fix  open  the  jaws  until  the  exact 
moment  for  gripping,  when,  by  a  slight  turning  movement  of  his 
knd,  the  ingot  is  gripped. 

When  the  ingots  have  remained  in  these  pits  a  sulBciently 
long  time  they  are  taken  out  and  placed  on  live  rollers,  and 
flonveyed  to  the  cogging  or  blooming  mill. 

Haying  briefly  described  the  shop,  I  would  say  that  the  chief 
•dTintages  it  has  over  the  old  system  are — 

(a)  The  use  of  molten  metal  in  larger  quantities,  saving 
htnlage  and  ladle  skulls. 

(6)  Pouring  metal  direct  into  the  mouth  of  the  converter, 
dispensing  with  the  use  of  runners. 

(c)  Blowing  larger  quantities  of  metal,  reducing  the  cost  of 
bricks,  tuyeres,  steam  and  hydraulic  power. 

(d)  The  transfer  of  all  material  to  one  centre  crane  for  cast- 
ing, saving  labour  and  hydraulic  power,  as  well  as  providing  the 
hot  ingots  for  the  mill  in  one  constant  stream,  in  place  of  the 
old  intermittent  way,  when  four  different  casting  pits  and  ladles 
were  in  use. 

(e)  The  casting  of  ingots  in  moulds  resting  on  bogies  in 
place  of  using  pits,  saving  pit  labour  and  hydraulic  power,  as 
well  as  being  considerably  safer. 

(/)  The  ingot  stripper  saving  moulds  and  much  labour. 

(f)  The  ingots  are  conveyed  to  the  mills  by  locomotivcj  powt^r, 
saving  labour. 

(h)  The  use  of  heated  pits,  saving  loss  by  oxidation,  fiu*I, 
labour,  and  expediting  the  work. 

The  Bessemer  shop  was  erected  at  considerable  inconvuniiMict*, 
as  it  had  to  be  accomplished  while  yet  keeping'  the  old  one  run- 
ning, and  on  a  part  of  its  site. 

The  net  cost  to  the  Company  was  £23,000,  and  th«^  m\\\\\f, 
effected  by  its  use  is  about  2s.  5d.  per  ton  of  in^^otH  produciMl, 
made  up  as  follows : — 


THE  BKSEMEB  SHOP  AKD  HEATWO  PITO^ 


Bftving  ia  foeL  -15  lh«. 

Biiviiig  in  v«ff«i  ,         .         .         ,         , 


I  citm  liicamoliir«  p^owitr 


Tim  Iieated  pits,  and  live  rollers  which  codi 
the  rolU,  were  put  in  at  a  cast  of  £4500,  and  m^ 
heating  furtiaces  about  Is*  7d.  per  ton  of  6m 
in  Uie  following  manner  i — 

Wad 


The  oombindd  saving  being  about  4a.  per  ton^  i 
£40»000  per  annum,  ^ 

As  is  well  known  to  most  members  of  this  Im 
many  difficulties  to  overcame  when  radically  cbi 
of  working!  hut  in  addition  to  those  ordinarily  m 
one  nnforeaeen,  which  was  so  important  as  to  b« 

When  it  was  first  decided  opon  to  put  in 
BeBiemer  plants  the  idea  occurred  that  we 
Amerioai]  pnoltoe,  and  blow  our  heats  in  I 
eostaDiary  in  this  cottntryi  with  the  further  ol 
already  epecifled  of  saving  fu<^I,  wear  and  tear  of 
life  of  the  converter  lining'  and  bottoms ;  and  in 
with  the  same  pressure  of  blut  bm  we  bad  hitberlo^ 
itiaximum,  wt$  so  increased  the  diameter  of  the  o 
as  would  enable  us  to  use  a  larger  number  i 
bava  a  shallower  bath*  The  eonverter  was  tb| 
to  hold  oonvetitently  20  tons  of  mctal«  and  the  hj 
tbirty-three  tuyeres,  each  tuyere  having  ninetea« 
aixtaantbs  of  an  inch  diameter,  or  about  tht^ 
power  per  ton  as  the  smaller  vessels  had. 

It  was  hoped  that  this  shallower  bath  would  * 
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t^bat  the  converter  bottoms  and  lining  would  run  for  a 
feTiod,  probably  twenty  to  thirty  blows.     The  result  was 

to  our  expectations;  for  while  we  were  able  probably  for 
'time  iu  this  country  to  blow  our  heats  in  ten  minuteSj 
C3nie  cases  eight  miQutes,  the  blow  was  so  hot  as  to  be 
bly  unmanageable  even  when  cooled  by  steam  and  large 
as  of  steel  scrap.  The  amount  of  material  thrown  out 
vessel  equalled  from  twenty  to  twenty -five  per  cent*  of 
rge-  The  steel  was  so  hot  as  to  destroy  the  bottoms  and 
in  one  cast,  and  the  resulting  steel  worked  badly.  The 
er  bottoms  being  then  made  of  gannister  lasted  only  one 
heats,  and  the  lining  of  the  converter  fared  badly.  It 
course  seen  at  once  that  fast  blowing  for  the  iron  wo  had  at 
ad  was  not  practicable ;  we  therefore  reduced  the  number 
tres  to  twenty -seven,  and  increased  the  depth  of    bath. 

ed  the  time  of  blowing  to  extend  to  fifteen  minutes,  but 

I  until  we  further  reduced  the  tuyeres  to  twenty-four  and 
the  time  of  blowing  to  from   twenty  to  twenty- five 

and  still  farther  increasing  the  depth  of  the  bath,  that 
^ined  the  present  advantage  from  our  Bessemer  shop^  and 
Iteel  of  the  best  and  most  uniform  quality* 
^  object  in  giving  the  above  information  is,  that  it  may  be 
cnown  that  the  faster  working  in  vogue  in  the  United  States 
!  be  introduced  into  England  with  advantage,  for  the  same 
btta  do  not  apply  in  each  country. 

pi  regard  to  the  capacity  of  prod  notion^  the  shop  has  never 
^nt  to  its  test,  as  the  make  is  limited  to  the  quantity  of 
I  iron  available ;  we  have,  however,  without  difficulty  made 
tons  weekly,  and  see  no  reason  why  fifty  per  cent,  more 
not  be  produced  if  necessary, 

fWings  illustrating  the  car  pusher,  the  general  arrangement 
Bessemer  plant,  the  arrangement  of  the  ingot  stripper,  the 
lal  elevation  of  the  Bessemer  plant,  the  gas  heating  pit,  and 
nga  used  at  the  heating  pits  are  appended  (Platen  XXI IL 
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MEASUREMENT  OF   YOUNG'S  MODULUS   FOB  IBON 
RODS  BY  TENSION  AND  BY  BENDING. 

By  H.  E.  Wimperis,  B.A.  (Camb.),  Wh.Sc. 

One  of  the  effects  of  passing  iron  through  rolling-mills  is  to 
draw  out  any  slag  or  other  impurities  that  may  be  contained  in 
the  iron  into  long  striations  or  thin  layers.  This  result  should 
show  itself  by  giving  the  metal,  considered  as  a  bar,  a  different 
value  for  Young's  modulus  across  the  fibres  from  that  measured 
along  them,  since  in  bending  the  layers  of  metal  would  sli| 
relatively  to  one  another,  and  the  action  would  roughly  approxi 
mate  to  that  of  a  bundle  of  rods.  It  was  suggested  to  th< 
author  by  Professor  Ewing  that  it  would  be  of  interest  to  in 
vestigate  the  matter  by  measuring  E  for  a  long  rod  by  tensioi 
in  an  ordinary  testing  machine  and  comparing  this  value  witl 
that  found  by  experiments  on  pure  bending.  If  it  were  foun( 
that  the  value  for  E  determined  in  the  second  case  was  les 
than  that  obtained  in  the  first  case,  then  it  might  be  con 
eluded  that  some  such  effect  as  that  mentioned  above  had  take] 
place. 

Three  specimens  were  used,  and  it  will  be  convenient  to  refe 
to  them  as  A,  B,  and  C.  A  was  a  specimen  of  Swedish  iro] 
that  had  been  cold-rolled  after  annealing.  B  was  a  specimei 
of  Swedish  iron  that  had  been  close-annealed  after  cold-roUinj 
C  was  a  specimen  of  Lowmoor  iron.  A  and  B  were  obtaine 
from  Messrs.  Edgar  Allen  &  Co.,  Ltd.,  of  Sheffield.  B  was  in 
eluded  ill  order  to  determine  the  effect  of  annealing.  All  speci 
mens  were  as  nearly  as  possible  of  half-an-iuch  diameter. 

The  tension  experiments  were  carried  out  on  a  Wicksteai 
single-lever  machine,*  reading  up  to  10,000  lbs.  by  intervals  c 
1  lb.  (with  vernier);  the  strain  being  noted  by  means  of  a  Ewin 
extensonieter,  *  whilst  the  diameters  of  the  three  specimen 
were  measured  horizontally  and  vertically  at  intervals  of   on 

*  For  illustrations    and    detailed    descriptions    of    apparatus,    see    "  Strength    c 
Materials,"  l.y  J.  A.  Ewing.  F.R.S.,  pp.  62,  76. 
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inch  and  the  mean  value  taken  for  each  specimen.  It  was  found 
"that  experiments  on  bending  were  more  troublesome  than  those 
on  tension,  owing  to  sliding  friction  at  the  knife-edge  supports. 
This,  however,  was  completely  overcome  by  the  insertion  of  a 
Tocking  knife-edge  at  one  end  of  the  rod,  as  shown  in  Diagram  I. 
The  deflections  were  measured  by  a  low-power  microscope  with  a 


DiAOKAM  I. 

Micrometer  Eyepiece  is  fixed  to  A  B. 


micrometer  eyepiece  reading  on  a  glass  millimetre  scale  attached 
to  the  middle  of  the  rod  under  test. 

The  length  of  material  used  in  bending  was  considerably  greater 
than  that  used  in  tension,  but  the  tension  specimen  was  always 
cut  from  the  middle  of  the  rod,  and  dimensions  were  in  all  cases 
noted. 

In  the  bending  experiments  it  was  of  course  necessary  that 
there  should  be  no  shearing  action  in  the  portion  of  the  rod 
between  the  knife-edges,  and  this  result  was  obtained  by  sus- 
pending the  load  from  overhung  ends.  In  order  to  avoid  wast- 
ing the  material,  iron  pipes  were  fitted  on  to  either  end  of  the 
rod,  and  these  pipes  (not  shown  in  the  diagram)  were  made  to 
carry  the  loads. 

In  the  following  tables  of  measurements — 

]x=the  length  between  the  knife  edges  in  inches. 
lg=the  overhung  length  at  each  end  in  inches. 
W=the  load  in  pounds  hung  from  each  end. 
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Specimen  A, 
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The  valued  of  £  in  pounds  per  square  inch  abuined 
these  five  experitnetits  are  respectively:  29*24;  29*31;  3M1 
29*22,  aod  20  23,  each  multipiied  by  10*. 

The  lueiin  value  is  29  24  x  10". 

Other  coDStants  for  the  ei^ecimeii  were  :  tnenn  diatoetcr  (imi 
of  80  readiogs  taken  between  the  kuife-edg€s)a  0*4084 
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Tension  Experiments, 

Used  an  8-inch  length  from  the  centre  of  each  rod. 

Mean  diameter  of  Specimen  A =0 '4986  inch. 
„  „  Specimen  B=0-4982    ,, 

„  „  Specimen  C=0-5069    „ 

Loads  are  in  pounds. 


Specimen  A. 

Temperature=54*'  F.     Date,  27.4.00. 

Extensomder  Readings, 

Off.        On. 


Load. 

On. 

0 

224 

500 

260 

1000 

296 

1500 

S29 

2000 

364 

2500 

399 

9000 

433 

3600 

470 

4000 

503 

4500 

539 

5000 

575 

5500 

610 

eooo 

645 

225 
262 
300 
334 
369 
402 
439 
472 
508 
541 
577 
610 
645 


225 
260 
297 
330 
365 
400 
434 
470 
505 
540 
576 
611 
646 


Off. 

Mean. 

225 

224-8     1 

263 

261-2 

2J>9 

298-0 

:«5 

332  0 

369 

366-8     1 

403 

401-0 

439 

436-2 

472 

4710     1 

508 

506-0 

542 

540-5 

578 

576-5     ! 

611 

610-5 

646 

645-5 

Calibration  constant  (mean  of  6  readings) =3959.        ^ 
Yalae  of  E  calculated  from  the  above =29 '64  x  10^  lbs.  per  square  inch. 


Specimen  B. 

Temperature = OF  F.     Date,  7. 5.00. 

Extensometer  Readings, 


Loud. 

On. 

0 

300 

500 

332 

1000 

368 

1600 

401 

2000 

437 

2500 

471 

3000 

507 

3500 

540 

4000 

576 

4600 

610 

5000 

646 

Off. 


On. 


299 

299 

333 

3:^6 

369 

370 

404 

403 

439 

438 

475 

472 

509 

508 

542 

541 

678 

677 

611 

610 

646 

616 

Oflf. 


Mean. 


298 

299-0 

332 

333-3 

369 

369  0 

404 

403  0 

439 

438-2 

474 

4730 

509 

608 '3 

542 

541-2 

578 

577-3 

611 

610-5 

646 

646-0 

Creeping  sets  in  at  5500  lbs. 

Calibration  constant  (mean  of  4  readings) =8964. 

Value  of  E  calculated  from  the  aboTe=s29'86x  10^  lbs.  per  square  inch. 
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SpionfiM  C. 
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Vulue  f»f  K  calouUtc 
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on  C4«iiit«at  (mvAii  «f  t  i«idl«|^)«4MS. 

^ 

'1  from  tlie  HbovtsSi^it  )Qi  Ibi^  p«r  i^ 

^^■iMl.      , 

• 

Spkcimrn  C  (repe«te«l). 

Temperature = 68*  F.    Dftte,  90.4.00. 

Exteiisomctcr  Readings, 


i..ua. 

Oil. 

Off. 

On. 

Off. 

«» 

HNIO 

.^il 

:w 

331 

939 

"t 

i:iiN» 

;W2 

»;- 

A'lS 

967 

S!2 

IIHN) 

.T95 

:«»8 

3!I5 

390 

■S 

*j:i«"» 

4-JH 

4:iu 

428 

490 

SJ 

:«)IN) 

4»iii 

4«'>1 

44W 

461 

^ 

:i:.i»»i 

4111 

4«rj 

491 

492 

«!! 

|(«MI 

.vj-i 

.vj;<  * 

r.22 

004 

«! 

i:.ii»i 

.V4 

TkVi 

^^3 

557 

■M 

TilNN) 

TrfCi 

ftSH 
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■!! 

•VilKI 

»itK 

r.t9 

619 
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*!! 

tifNM» 

I'tTrti 

OTii) 

650 

650 

«•« 

(*iilit>ratii)ii  constant  (mean  of  5  reatlinfr«)  =  4223b 

Va1u«  of  K  calrulatrd  from  the  above  =  29*57  x  10*  Iba.  par  tqp 

Tti«;  reason  for  reiteatin^  the  measurements  upon 
wttH  that  the  author  wished  to  find  the  sort  of  divoigBMl' 
might  be  expected  between  results.  The  divergonoe  ibaiiill 
than  ith  per  cent.,  and  this  difference  is,  at  %xkj  rate,  pait^Ai 
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the  8**  F.  difference  in  temperature,  besides  that  due  to  experi- 
mental error. 

TabtUated  Bes^dts, 


Material.  E  by  Bemling.  E  by  TensioD, 


M^„:'"*'      '^"Veir""-  ,    i>iff«— 


A  29-24  I  2i)-64  0  40 

B  2977  21) -86  |  0-09 

C  29t)3  29-00  003 


Conclusion. 

The  two  values  of  E  given  in  the  above  table  for  Specimen  C 
only  differ  by  one  part  in  a  thousand,  and  the  two  amounts  may 
therefore  be  taken  as  identical.  The  deduction  from  this  fact  is 
that  for  the  Lowmoor  iron  used  there  is  within  the  limits  of  these 
experiments  no  perceptible  variation  in  the  value  for  Young's 
modulus,  whether  determined  by  bending  or  by  stretching;  in  other 
words,  there  is  no  internal  sliding  due  to  layers  of  any  impurity 
that  may  be  contained  in  the  metal.  In  the  case  of  Specimen 
B  there  is  a  difference  of  nearly  one  part  in  three  hundred,  and 
as  a  quantity  such  as  this  should  be  within  the  limits  of  observa- 
tion (probably  1  in  500),  the  author  concludes  that  the  Swedish 
iron  used,  even  though  annealed,  shows  signs  of  the  existence  of 
sliding,  through  slag  or  other  impurity  that  has  been  drawn  out 
in  the  rolls.  Lastly,  in  the  case  of  Specimen  A,  which  had  been 
cold  rolled,  but  had  not  afterwards  been  annealed,  a  divergence 
between  the  two  values  of  E  is  found,  which  is  distinctly  marked, 
amounting  as  it  does  to  about  one  part  in  seventy.  Clearly,  then, 
a  small  amount  of  sliding  does  take  place  in  Swedish  iron  rod, 
but  the  effect  is  practically  wiped  out  by  annealing.  The  results 
of  the  experiments  described  in  this  paper  may  also  be  taken  as 
showing  that  values  of  E  obtained  by  bending  and  by  tension 
differ  slightly  from  each  other,  but  that  the  usual  custom  in 
engineering — to  make  use  of  E  as  obtained  by  the  one  method 
in  cases  where  the  other  form  of  stress  is  most  in  evidence — is 
justifiable.  Such  differences  as  are  found  may  be  regarded  as 
indicating  that  the  effect  of  slag  does  show  itself  in  the  way 
mentioued  in  the  beginning  of  this  paper,     The  preceding  ex- 
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periments  were  all  carried  out  in  the  Hopkiiiaoii  wiag  if  lb 
Engineering  Laboratory  at  Cambridge,  and  the  aathor  imm 
to  thank  Professor  Ewing  both  for  adTioe  and  Ibr  the  nae  rf  lb 
materials  provided  during  the  reseaioh. 

APPENDIX. 

The  formula  for  determining  the  value  of  E  from 
on  beams  with  overhung  ends  is  given  here : — 

Where  deflecUon=:d;  I=r  Moment  of  inertui;  aadll=W.]9>llMi 
Bomeni. 

In  the  tension  experiments  the  value  of  E  was  dodooad  %f1^ 
method  of  least  squares.  The  formnhs  that  wwa  tomA  hf  Ml 
method  were,  for  the  four  experiments : — 

1.  K-2SS-S=0-060e7L. 
S.  K-299-2=:0-0aSSrL>. 
8.  R-4ftS-4=:0'0616SL. 
4.  R-260  4=0OSM9L. 
Where  R=Mean  exteneoineter  reedittf  aad  h»ham^  fai  Tktk 
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The  Rt  Hon,  Lord  Armstronq,  whose  many  inventions  earned  for 
bk  name  a  world-wide  fame,  died  on  Decern iHsr  27j  1900,  at  his  resi- 
dence, Cragside,  Eothbury,  Northumberknd,  Born  on  November  2G, 
1810,  William  George  Armstrong  was  tlie  son  of  a  merchant  of  liew- 
cajsUeKjn-Tyne,  He  was  educated  at  Bishop  Auckland,  and  chose  the' 
^law  as  his  profession,  notwithstanding  a  bias  towards  scientific  and 
mechanical  fsubjects.     Later,  while  still  a  member  of  a  firm  of  Newcastle 

IsolicitorSf  he  commenced  his  career  as  an  inventor.     In  1838,  having 
long  reflected  on  the  enormous  power  available   in   the  innumerable 
■treame  descending  the  hills  of  the  North  Country,  he  deviBcd  a  hydraulic 
rotary  engine,  which  he  hoped  might  ntilise  some  of  the  energy  running 
so  freely  to  waste.     But  finding  that  for  many  purposes — such  as  thdi 
operating  of  cranes  on  wharves— the  reciprocating  principle  was  superior 
I       to  the  rotary,  he  designed  a  crane  in  which  cylinders  and  pistons  effected 
^B  every  required  motion.     It  was  not  till  1845,  however,  that  opportunity 
^^  arose  for  the  realisation  of  his  scheme,  but  before  the  end  of  1846  the 
I        first  hydraulic  crane  erected  was  at  work  on  the  quay  at  Newcastle* 
Meanwhile,  in  1840,  Annstrong  published  an  account  of  his  investiga- 
tions on  the  "Electricity  of  Effluent  Steam  " — investigations  which  ledj 
^to  bis  invention  of  the   **  hydro-electric  machine,"  which   so   greailjl 
interested   Faraday^      By    1846   his   discoveries  and  applications  ha4l 
attained  such  importaisce  that  he  was  in  that  year  elected  a  Fellow  of  ^ 
the  Royal  Society.     Armstrong  continued  to  erect  hydraulic  plants  at 
various  places  in  the  country,  using  in  every  case  the  pressure  of  the 
town  mains  or  the  head  of  special  reservoira     In  1850  he  introduced 
into  bis  system  the  use  of  the  well-known  accumulator,  which  made! 
hydraulic  power  capable  of  vastly  wider  adoption* 

At  the  Els  wick  Works,  then  tlio  roughly  established,  hut  as  yet  wholly 
devoted  to  the  manufacture  of  hydraulic  machmery,  certain  e^^periraents 
in  gun-building  were  inaugurated.  As  a  result,  in  1856  ATmstrong*s  first 
gun  was  produced*  It  was  built  by  shrinking  on  to  a  steel  barrel  snc- 
cessive  iron  tubular  shells ;  it  was  a  breech-loader,  and  possessed  poly- 
grooved  rifling.  It  fired  a  projectile  of  elongated  shape  and  with 
I       ogival  head  with  unexampled  accuracy  over  an  unprecedented  range; 
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&tid  io  Bifeiifietory  proved  itt  imli  that  Antitlroii|{  vit 
Engineer  of  Utfied  OrdtumcUp  w«i  toadt  CK^  i&d  kjil|(hl«l 
ih€  ceven  years  auecteding  more  Umn  SOOO  iimilv  gtiiu  * 
Eiigknd'B  ^nnaioent     Uufortutmt«ly  ilio  coQtiniM]  iwsvinaBirfi 
difficulties  in  tlie  breech  meehmniflm  iuipelled  the  GofiifBttMJ  i 
to   retiirti    to   iniizxle4 oozing   gun^.      Bir  W.  AnnitroBg 
official  poiiltioti  mmtUUiiFiously^     The  s«iia«  jrtwr  h«  wv*  ] 
British  AMociation  at  its  KewcasUe  meetiiig,     liai 
the   then  already  threatening  depktioii  of  the  Britiak 
witli  thc!  c^xtmvagant  nmthodN  of  ooal  uiK^rx.     WInoi  Ih* 
mititott  on  tht<  Biiijie  qUBxtion  wna  shortly  afterwmidj  otdtfidv  J 
Ametmig  wte  nimiijiated  tq  sji  aa  a  momber* 

Vftrious  honours  fell  to  him  about  this  time.     He  was  m  ISIS  I 
m  LLD.  of  Oambridge,  iii  1H7U  a  UCJ*  by  Oxfofd,  and  to  WtH 
Aibeti  Medal  of  the  Sociely  of  Arte  was  ewaided  hia.     B«t 
mmm  to  him  a  greater  tnutnpli  when,  in  188€||  the  Qamnmm 
adofited  the  hreeeh*loiding  and  (loiygroave  fjlUjig  principles  d  . 
strong.   The  following  year,  in  hie  capacity  as  prseidimt  iif  the  ] 
SifiHoti  of  the  York  meetifig  of  tbe  llriibh  AMoelaUoiL,  he  i 
aitatilion  to  tlm  more  effldent  uUliAatioa  uf  tiainrml  ecNsme  el 
He  rmiaed  a  hope  that  ihe  ilevel<ipnietit  of  the  tben»6|i0e  i 
Io  a  wholeeale  ntiliaation  of  solar  energy.     He  isl 
received  by  an  mtm  of  ground  in  thi!  trofdee  enmld.  if 
verled,  yield  mechanioal  eu«tgy  at  the  arerage  rele  of  14)00  I 
In  1882  he  was  elected  proeident  of  the  Institution  of  Civil 
and  was  eleiraied  to  the  peerege  in  18S7 — the  year  aft4»r  hu  no 
parliamentsry  contest  of  Newcastle  agisitist  Mr.  Jtihn  Mcifley. 
wImh  tn  hie  eighly-eeveiitb  year,  he  puhtiahed 
enlitlid  '*Kleeliioil  Hovmente  iji  Air  and  Water,'  wUeh 
eettaui  phenomena  he  had  obeerf ed  in  hJe  electrical 
dueled  fifty  years  pntvioujily^     He  reoeived  nuflMfooe  fa 
tioseL     He  vei  a  UranU  Dlftciir  of  the  Order  of  Sail 
of  Italy,  and  a  Kntght  OoiunaBder  of  the  Qri3er«  of  tkm 
Beaaark,  of  Charles  IIL  of  Spain,  of  Francis  Joeepk  ef  Awlria, «( * 
Bking  Hun  of  Japan*  and  of  the  Whil«  KleplmnI  of  J 

tie  was  an  or|giael  member  of  the  iron  and  Steel  InUitnte,  end  kll 
was  awarded  the  Beeeemer  Gold  Model     tn  presenting  Uic  medtl  I 
PteeUenli  Sir  Frederick  Abrl,  dwelt  u|#c)n  tlie   fmpnrhimre  «l 
AnBetfoog^e  many  edentiHc  taf«rtigptaooe  beartng  u|i4ja  the 
gl  {fiifi  mrul  «t«#l    »mh  as  hie  ezpetfnients  on  the  trlieffetty  e^ 
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moTing-poiut  of  iron  and  st«eel»      Eapecially  importatii  was  his 
t  in  conjiection  with  tbe  tempermg  and  treatment  of  steel,  that  had 
,  to  the  introduction  of  the  oil- hardening  process. 


Thohab  ADDYttAK  died  on  February  26,   1901,  at  the  age  of  forty- 
four  years.     He  wae  the  second  son  of  Thomas  Addyman  of  Belmont, 
^^ear   Harrogate,  Yorkshire,    leather  nierchatii     He    was   educated  at 
^^pmgon  College,  Harrogate,  and  afterwards  at  Wesley  College,  Sheffield, 
^^^fter  leaying  school  in  1874  he  entered  the  works  of  Hopkins,  Oilke% 
^•nd  Co,,  of  the  Tees  En^ne  Works,   Middlesbrough,      He  remained 
with    that  firm  after  the  expiration   of   his   apprenticeahip  until  the 
year  18 BO,  when  he  joined  the  firm  of  Frank  Pearn  and  Co,,  of  West 
Gorton,  Manchester  (which  was  converted  into  a  private  limited  com- 
pany  in  1893,  and  of  which  he  became  a  managing  director),  and  the 
connection  thus  formed    lasted   until   his   death.      He  was  elected  a 
nember  of  the  Iron  and  Steel  Institute  in  18S0. 


W 


Richard  ATTEyBonouoH  died  at  his  residence,  Horton  Housej 
Northampton,  on  May  19,  1901,  at  the  age  of  seventy -nine  He 
was  one  of  the  best  known  membera  of  the  family  of  London  pawn- 
brokers of  that  name,  He  went  at  an  early  age  to  London  from 
Northamptonshire  to  take  part  in  his  unele^s  business,  and  subsequently 
retired  to  Reading,  where  he  became  a  member  of  the  Town  Council 
and  an  officer  in  the  Berks  Volunteers.  He  twice  contested  the  par- 
liamentary borough  on  beliatf  of  the  Conservatives,  at  the  general 
election  of  1S74  and  the  by-election  of  1878,  but  was  unsuccessful 
m  hoth  occasions.  He  afterwards  moved  tci  bis  native  county,  atid 
at  the  time  of  his  death  possessed  valuable  iron  mintis  in  Northampton- 
fihire  and  Lincolnshiro.     He  was  elected  a  member  of  the  Iron  and] 

IBteel  Institute  in  1B98. 
RoBEKT  Scott  Burn  died  in  Edinburgh  on  January  31,  1901,  at  the 
age  of  seventy-five.  He  was  the  author  of  a  large  number  of  technical  J 
handijooks,  some  of  which  maintuined  a  steady  sale  during  the  laatj 
thirty-five  years.  The  suhjects  dealt  with  included  mechanics  and 
mechanism,  the  steam  *  engine,  building  construction »  and  various 
branches  of  agriculture.  He  idso  wrote  several  works  of  a  religious 
character,  some  of  which  weru  issued  through  the  Religious  Tract 
Society,  He  was  elected  a  member  of  the  Iron  and  Steel  Institute 
in  1881. 
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Jo«iPB  CiiAViH  died  in  December  1000  nt  lib 
Bank  >rounip  Glossop  Koad^  8h«*rriekK  at  the  mg^  of 
fmr*-  lU  waji  the  Mmt  «oti  of  tlit  UU  Durid  Cimv«iiv 
for  mnny  yean  a  succe&aful  building  cotitTactor.  On  111* 
of  that  genttemitti  th«  buiineas  waa  carried  on  bf  hia  Ikiw  mm,} 
Joaepb,  John,  and  Aifnul,  cif  whom  onlj  lh«  youBft,  Mr,  iUMj 
Cnven,  now  aurvivcie.  Whilst  in  the  building  trndi!  tit*  Ihtwi  1 
carried  out  many  large  contnict«,  including  Enddiff*  IIaU  mtA 
other  krgi?  reiidencat ;  byt  about  thirty-five  jem  afo  Atf  mm\ 
upon  A  new  venture,  and  put  up  a  large  wnrka  al  iJvmall  lit 
hutbling  of  railwAjr  wiggonau  Shortly  bcifors^  they  bad 
contract  for  aome  large  engine  workis  and  it  waa  thii  whieli  gpeii  1 
Ibe  idea  of  entering  inUj  the  wng^ott  building  trade.  Tlie  Inai 
eetafaliahed  by  the  three  brf>thi^rM  bt^ame  a  flouriebitif  mm^  ift^iii^ 
bl«r  dele  ita  aoope  waa  extended  to  include  eaftiaf i  buBi 
wlMal-niaking.  Mr.  Joaepb  Craven  waa  actively  »HO€ialed  wji^  Ai^ 
iMMineaa  until  about  five  yei^re  agUp  when  be  retired.  He  9» i 
*  aeinber  of  the  Iron  and  Steel  Injiiitute  in  18S4.  Am  m  wmmim4\ 
the  BecepUon  Committee^  he  took  an  active  pATt  In  niiniiiii  ^i 
Mancheater  meeting  af  the  Inatitute  in   1S91^, 


Edwaud  CttARLKi  I>ARf.iT  dte<l  at  the  Beach  Hotels 
fbhruary  16,  1901,  at  ibe  age  of  5fty-0ve,  whilil  m 
lioii  on  bia  thmat     He  wan  wnll  km»wn  among 
Mb  te   I'itUburg  m4  Chim^o,     At  the  time  of  hii  daatk 
'  WMim  aalt^  agent  for  the  Cahali  boiler.     For  aooM  tilMi  lie 
BeHed  with   Mr.  Jamea  P.  Witberow,  nf   Pillebiiff»  ftml  i 
known  ae   a  Meat  furnace   engtneen     He   waa   ilia 
Teehnieal  Club  of  ChiragcH  <  raember  of  the 
Ueebanleal  Bngineerii  and   of   the   American   Inatalnla  af 
Kngieeeta.     He  waa  elected  a  member  of  the  Iron  and  Sianl  I 
ia  1S»1. 


mtSi 
alM 


RitmA%B  l>af  died  at   Eridlingion   on  Auguiit  16,   I  ML     lU 
fomeriy  a  woollen  manufacturer  in  Dewibury,  and  tifitrid  fmo 
tttta  aome  twenty  jeara  before  hia  death*     Aboni  that  lima 
laffaly  Inlae^lad  in  eolBttiea.  and  waa  anbie^iimiUy  appoiiiM 

^  III  the  BoMm  Wood  Ccdlsvry  Conpany,  U  milad,  Batley.  aad  • 
of  the  WbUe  l^m  OoUaery  Company.  Limited,  Btretall.  rhajraan  al 

rlbblalborpe  Gee  Company*  aiid  waa  inteteat^d  in  ircmwotha  and 


OBITOARy,  317 

ther  companies  in  various  branchei  of  industry.  He  was  eleiitecl  a 
natuber  of  tlie  Iron  and  Bt^el  Institute  in  1890,  and  regularly  attended 
lie  meetings,  having  taken  part  in  those  in  France,  America,  Belgium, 
{pain,  and  Sweden. 

Knapp  Fisher  died  at  Market  Harborougb  in  March  1901, 
of  seventy-four  years.     He  was  the  founder  of  the  Glendon 
iworks  in  NorthaiDptonshire,   for  a  number  of   yeara  tha   largeat 
Bt^blishment  engaged  in  the  pig  iron  industry  in  that  county.     He  was 
be  head  of  a  well-known  firm  of  land  agents  having  an  extensive  huei- 
in  the  Midland  cotmtiee.     He  was  elected  a  member  of  the  Iron 
"and  Steel  Institute  in  1671. 

CbBOSGB  Baeer  ForsteBj  the  eminent  North  Country  mining  engineer 
^nd  coalowner,  died  on  January  19,  1901,  at  hie  residence  at  Faro  ley 
Grove»  Corhrtdge,  near  Keweastle-on-Tyne.  He  was  the  eon  of  the  late 
Thomas  Emerson  Forater,  and  was  aixty-eight  years  of  age.  He  was 
educated  at  Repton  School,  at  St  Peters  School,  York,  and  at  St 
John's  College,  Cambridge,  He  enjoyed  a  very  large  practice  as  a 
mining  agent  for  royalty  proprietors,  including  Lord  Lonsdale,  the  Earl 
of  Zetland,  Lord  Boyne,  and  many  others.  He  was  a  member  of 
several  Koyal  Commissions,  including  the  Royal  Commission  to  inquire 
into  the  high  price  of  coal  in  1894.  Mr.  Forster  was  extensively  con- 
sulted in  all  matters  relating  to  mining  arbitrations,  and  was  in  full 
work  until  hia  death*  He  was  the  first  arbitrator  appointed  in  1875 
after  the  boom  in  the  coal  trade,  to  settle  wages,  and  he  enjoyed  the 
confidence  both  of  masters  and  men.  Joining  tlie  NortJi  of  England 
Institute  of  Mining  Engineers  in  1857,  of  which  he  was  president  for 
three  years^  he  was  vice-chairman  of  the  United  Coal  Trade,  and  also 
of  the  Northumberland  Coalowners'  Association  from  1885  until  his 
death.  On  the  occasion  of  the  Hartley  Colliery  accident  in  1862,  when 
200  lives  were  lost,  he  was  one  of  the  leading  men  who  conducted  the 
explorations,  and  one  of  the  first  to  reach  the  bodies  of  the  unfortunate 
miners.  He  was  a  Justice  of  the  Peace  for  the  county  of  Northumber- 
Jand,  a  member  of  the  Institution  of  Civil  Engineers,  and  a  Fellow  of 
the  Geological  Society.  He  was  elected  a  member  of  the  Iron  and 
Steel  Institute  in  1883.  i 

"  Wlluam  Gill,  who  died  at  Wells,  in  Somersetshire,  on  January  20, 
1901,  at  the  age  of  fifty -seven,  in  his  capacity  as  general  manager  of  the 
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Otoooem  Iron  Om  Com|miiy,  did  mare  thmn  any  cme  ebt  la  hmM  i 
inm  ort  liido  of  BiIImo^    ilia  eUbormU  memoiis  im  Um  BUIiMi 
diiferfefei  cmniributed  t43  the  Iron  und  St«el  Iii«tlttit«  in  188t  i 
Afe  the  fttanilArd  worka  of  refarenoe  on  the  nubject.     Hi«  tttdy  I 
w«s  in  ooittiectioii  with  milw&y  angineering  un  tlm  Btmtlmf  »ad 
lUllwftj.     H«  sul»oi|uenUj  entered  the  nervicf*  uf  Mr.  Robftt 
utid  ImU^t  od  wm  i!ingi^(^d  in  railway  co&nimctioii  tJi  Kiusk^ 
Peru,  and  in  otiier  partti  of  the   world.     In  ISItO  ha  ««• 
general  niau&ger  of  the  Orconem  Companj.     He  wea  a  nc 
Inslitution  of  Civil  Ktigin(!^t<rtt,     Ha  wi.ii  c^kcte^l  a  tambor  ot  tkil 
Aod  Steel  InNtitttte  in   IBBl,  and  aa  locet  honofiiy  nmtoty  < 
the  highly  pueeeiafiil  meotltig  in  liilWo  in  1896. 


Ai.ntA.*irmca  R.  MiLUift  died  on  January  23,  1001,  al  hie 
Gleidee,  Hamilton,  N/H.,  at  Uie  age  of  aixty.     He  wa«  Utm  i 
and  paaecnl  through  a\i  i\w  gmdm  of  the  troii  Itide 
proprietor  of  the  Little  (ilobi?  Ironworkii  In  CoaSMdga. 
in  that  town  he  waa  a  member  of  the  Town  Otmcll,  and  waa 
bailie*     He  went  to  Moth^rwd!  in  1  J^l,  when  be  poivliaied  •  1 
which  were  eonverled  by  bim  into  on  ironworke  and 
Globe  Ironworks.    Two  or  three  yeait  igo  be  waa  mada  a  Jaeliii  < 
the  Pfaee  for  the  county  of  Lanark.     He  waa  elected  ft  owahv  d  I 
IroQ  and  Bteel  Iiutituie  in  lUm. 


TuoMAB  PanittN  MiKmwcK>ii  died  on  March  IS,  1001,  al  Ibe  ^i 
aixty^ftve  yeacvw  H«  waa  head  of  the  Arm  of  Moorwood  Hoae  i 
peny,  Limttpd,  of  Harleaton  Ironwork^  Sheffield.  He  bad  bee»i 
tn  the  etael  ttmde  for  abont  forty  yeara,  and  Ua  death  iwiovn  a  ] 
fldMnt  ftguia  from  Sheffield  induatrial  drelee.  Ha  waa  htmm  at  EcaWj 
field  tn  1835,  and  hia  early  buaEneea  caiwer  wia  cpal  at  Uie  ' 
IvoBWorka  of  Newton,  Cbanibii^  and  Co,  Abont  1H60  ha 
ghefcld,  and  in  parinerihsp  with  bia  brolher^n-kw,  Ml 
Waleon,  and  tlie  late  Mr.  Tbomaa  Mariliall,  aataUaabed  tbe 
Worlu,  Cerilale  Hlreet»  £aat  The  buaineee  earned  on  %  Ike  Im  1 
thai  ot  engiiiMiii,  ivmtmmdmm,  atofe-gnle  iimtilKltttwii»  Jhv  Om  i 
tbe  iUef  hreaelMi  nf  lite  work  baa  alwaya  bean  thai  of 
for  QM  in  the  SbeOieia  Indee,  and  the  Hftr1«iloii 
with  thoee  ttadea  until  now  tbe  foundry,  in  t(a 
tuminc  cMit  targe  eaaftingi,  ia  im«  of  iho  moal  imporlaal  in  iha  Keftfc< 
B«tb  Mr.  Matmhall  and  Mr.  Wataon 
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Itb  the  firm,  and  for  the  laat  ten  years  the  business  haa  been  entirely 
under  the  management  of  Mr.  ifoorwood,  two  of  his  sons  being  the 
diicf  members  of  the  firm  besides  himself.  Mr  Moor  wood  was  &  Con- 
8er?ativef  but  he  did  not  take  any  part  in  public  life.  He  was  elected 
a  member  of  the  Iron  and  Steel  Institute  in  1894. 

Thomas  Owen  died  at  Derby  on  January  27,  1901,  at  the  age  of 
forty-six  years,  lie  was  a  member  of  the  Institution  of  Mechanical 
Engineers,  and  for  the  pa^t  twenty-five  years  had  been  iiermanent  way 
intpector  on  the  Midland  Railway,  He  was  elected  a  member  of  the 
Iioa  and  8teel  Institute  in  1899, 

Charles  Hbnry  PuaH  died  on  April  9,  1901^  at  his  residence  at 
Penns,  near  Birmingham,  at  the  age  of  sixty^one  years.  Ha  waa 
originally  a  screw  manufacturer,  and  carried  on  business  at  Hea  Street, 
South  Birmingham,  but  in  1892  he  entered  the  cycle  trade,  and  formed 
the  Whit  worth  Cycle  Co,,  which  dev^eloped  to  such  an  extent  that 
^k  1896  it  was  amalgamated  with  the  Rudge  Co.,  thus  forming  the 
Hlldge-Whitworth,  Limited,  He  was  also  connected  with  the  Falmer 
tire,  and  he  was  inventor  of  the  jointleas  rim.  He  was  elected  a 
member  of  the  Iron  and  Steel  Institute  in  1890, 

■k  WiiitiAM  BirsBELL,  of  the  iirm  of  Russell  Brothers^  coal  and  iron 
Merchants,  30  Gordon  Street,  Glasgow,  died  in  April  1901,  at  bis 
residence,  Lilly  park,  Carluke.  He  wa^^  a  native  of  iSlamannaUj 
and  commenced  his  business  career  in  Wishaw,  He  was  cashier  of 
the  firm  of  J.  and  J.  Williams  and  Co,,  Excelsior  Ironworks,  up 
to  18?9,  when,  along  with  other  gentlemen,  ho  founded  the  Father 
If  on  and  Steel  Company,  in  which  company  he  was  appointed  secretary. 
He  commenced  the  present  business  at  Goi^on  Street  in  1891^  and  was 
the  secretary  of  the  Camp  Coal  Company,  MotherwelL  He  was  elected 
a  member  of  the  Iron  and  Steel  Institute  in  1B83, 


AtBEET  BcBNiTZ,  died  June  19,  1900.  He  was  for  many  years  a 
men  J  her  of  the  directorate  of  the  firm  of  Fried  rich  Krupp*  Born  on 
April  26,  1841,  at  Eschweiler,  he  was  educated  in  Cologne  and  in 
Berlin-  In  1863  he  entered  the  service  of  Friedrich  Krupp  of  Essen. 
He  had  charge  of  these  works  in  1870,  and  of  the  Bessemer  works, 
where  he  introduced  some  great  improvements  in  the  manufacture  of 
Bessemer  steel.     He  subsequently  was  entrusted  with  the  reconstruction 
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of  tli«  cnieible  Btet!l  loundT?,  and  in  that  dtpAflnieiit 

notahle  ituprviVemenU,     Tn  IB94  he  wan  Appoinbed  m  nuolltf  i(  tti 

Bo«rd  of  C^recton  of  tbo  ftriUf  and  in  that  cii])aciij  ht  Umk  s 

put  In  the  managttoieDi  of  fcb<i  whole  of  the  c%at  tteel  irofk^  i 

in  the  Imying  out  of  the  new  p\mn%  ml  RheinhAUaan,  «tid  In  Iba 

iupervisian  of  tho  T&notis  worke  of  the  firm  in  oth^r  dielrkK 

the  Krupp  steel  worki  et  An&en   end  the   Kmpp^niaoQ  wnAi  li 

Magiltsbufg-Buckau.     He  was  elected  a  member  of  tiii  Irott  mA  9lti 

ImiiiuiB  in  189L 

Tbomab  BrKKCKR,  of  the  firm  of  John  Hpericer  and  Sobs,  of  Ne«l«B 
Bteel  Worksp  Newcaatle^on  Tyne,  died  on  April  12,  1901, 
after  an  tUnGiCM  of  eome  monthn  He  wae  tlie  tbird  and 
Df  the  UUi  John  Speneer»  the  founder  of  the  eteelworka  at  Kewl 
wae  in  hie  seventf^jiih  jrear.  He  waa  poeaaaeed  of  mweh 
Imainaii  capacity^  qualities  which  naturally  bad  their  iatwmm  ta  ^ 
datalopment  of  the  itcelworka  of  tbii  finiL  He  wai  Icvowtt  for  k^ 
libandjty,  i^pecbUy  in  connection  with  education  and  wcdmUid 
objecU  ^Vhen  the  Biahopric  of  Nawca«t]e  waa  crealad  ha  itl^ 
huted  XI  0,000,  and  recently  he  js^ve  a  aimilar  aiBflrQllI  kMmlt  ii 
aatabliihmrni  of  a  nwtdanttarj  eanonry  in  Nawcaalla  OallMdni  Bi 
\9im  gif«  £15,000  towarda  ibe  reatoration  of  Ueiham  Abkay  CkaMk* 
and  chnrchaa  at  Ryton,  Conaeti,  Eaaington,  and  Newboro,  w  wd  • 
numerouji  chaHtiea,  f^eaiired  donatlona  from  him  at  vartctia  ttiaaa  Bt 
I  an  orjftnal  inainilMr  of  the  Iron  and  Bieel  Institula. 


FiTKE  SrawaUT  died  euddenly  at  Invt^mtuia  on  Inly  S,  IMCl  Bi 
waa  bom  in  Glaagnw  on  Angniit  It,  1834.  He  aarvad  mm 
abip  to  W*  Cook  and  Co.,  and  acqtiin^l  a  knowledfa  of 
drawing  cinder  the  lata  Mr  Robert  Harvey »  wbora  ba  aooeMlai  ii 
iaeh»  of  thai  aul^l  nt  Iba  Gbigow  liaehaiika  Inatiftrtiaa^  it* 
Mag  a  ahott  lima  in  the  aenrioa  of  A.  and  W*  BnJtk  maA  Oa^  Ifc 
Slawmrl  waa  appoioied  engineer  to  the  Tlianie  Sulphur  and  Copper  Ca* 
Lld«t  «  pmilioii  ha  oeenpiad  for  upwatda  of  thirty  Jfaaaa  Hi 
ttUcled  a  mmkim  of  iba  Iron  ami  Steel  Iitalilato  in  IMS. 


JuiiJi  GK^ittts  Swax  dropped  dead  in   the  groii&da 
Upaall  Uall|  aa  ba  wia  on  Ue  way  lo  ehurcfa,  on 
Ha  wa«  born  al  Walka^ofi*1>iie  in  IM%  and  antairtd  Ika 
'Bi9lhafai  al  Kewcaalla^  abool  forty  yeaia  mgtk    Wban 
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man  he  went  to  Middlesbrough  as  commercial  manager  of  what  was 
then  a  branch  of  the  Newcastle  firm  in  whose  employ  he  was.  In 
1M4,  in  connection  with  some  others,  he  established  the  Gargo  Fleet 
Ironworks,  of  which  he  was  manager,  until  the  concern  was  converted 
into  a  limited  liability  company.  He  was  also  interested  in  the  Bear- 
park  Coal  and  Coke  Co.,  and  was  connected  with  the  Weardale  Iron 
and  Coal  Co.  Formerly  he  was  captain  of  the  North  Yorkshire  Militia. 
He  was  a  member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  and  an  original  member  of  the  Iron  and  Steel 
Institute. 

Thomas  Tempest-Radford,  of  Kidderminster,  died  on  May  16,  1901, 
at  the  age  of  sixty-six  years.  He  had  been  prominently  connected 
with  the  Stour  Yale  Ironworks  for  a  long  period,  and  he  had  held  the 
position  of  chairman  of  Knight  and  Crowther,  Limited,  the  company 
owning  the  concern,  for  several  years.  He  was  elected  a  member  of 
the  Iron  and  Steel  Institute  in  1897. 

John  T.  Tannktt,  who  died  in  January  1901,  at  the  age  of  sixty- 
one,  at  West  Burton,  Aysgarth,  was  well  known  and  esteemed  in  the 
industrial  circles  of  Leeds.  He  was  a  member  of  the  firm  of  Smith, 
Beacock,  and  Tannett.  His  father,  the  late  Mr.  Thomas  Tannett,  of 
Eoundhay  Lodge,  was  one  of  the  promoters  of  the  famous  tool-making 
business  carried  on  at  the  Victoria  Foundry,  or,  as  it  was  popularly  known, 
the  "  Round  Foundry,"  in  Water  Lane,  Leeds,  and  Mr.  John  Tannett 
himself  was  associated  with  the  undertaking  for  many  years.  He  was 
elected  a  member  of  the*  Iron  and  Steel  Institute  in  1876. 

Chables  Thomson,  of  Calder  and  Govan  Ironworks  (William  Dixon, 
Ltd.),  died  suddenly  at  his  residence,  Carfin  House,  on  February  11, 1901, 
at  the  age  of  fifty-three.  He  went  to  Calder  in  1873,  and  took  an 
actiye  part  in  the  management  of  the  great  iron-smelting  firm.  He 
served  his  time  as  a  mining  engineer  preparatory  to  this.  He  was  a 
grand-nephew  of  William  Dixon,  of  Govanhill,  the  founder  of  the  firm. 
He  was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1894. 

Chables  Wood  died  at  Middlesbrough  on  April  23,  1901.     He  was 

a  native  of  Ipswich  and  was  a  schoolfellow  of  the  late  Mr.  Jeremiah 

Head.     He  served  his  apprenticeship  there  as  an  engineer,  after  which 

he  was  engaged  in  engineering  enterprises  in  Russia  and  India.     Nearly 
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f  jrty  years  ago  he  accepted  the  appointment  of  engineer  at  the  T 
Ironworks,  Middlesbrough,  continuing  in  that  position  until  three 
four  years  ago,  when  he  commenced  business  at  works  which  he  est 
lished  at  Cargo  Fleet,  near  Middlesbrough,  where  he  manufactured 
kinds  of  railway  appliances,  particularly  those  connected  with  h 
railways.  To  his  ingenuity  and  skill  were  due  several  inTenti 
connected  with  the  working  of  blast-furnaces,  but  he  was  best  knc 
by  his  endeavours  to  utilise  blast-furnace  slag.  He  invented 
introduced  slag  wool  and  slag  bricks.  He  was  elected  a  membei 
the  Iron  and  Steel  Institute  in  1874,  and  contributed  the  follow 
papers  to  the  Proceedings : — "  The  application  of  toughened  g 
to  permanent  ways,"  1879;  "The  economical  preparation  of  i 
for  the  Banks  puddling  furnace,"  1873;  "Further  improvements 
blast-furnace  hearths,"  1875 ;  "  The  progress  of  slag  industries  dm 
the  last  four  years,"  1877  ;  "  Statistics  respecting  the  production 
depreciation  of  rails,  and  notes  on  the  application  of  wrought  iron 
steel  to  permanent  ways,  with  a  description  of  a  new  kind  of  raib 
sleeper  and  clip-chair,"  1878;  "The  utilisation  of  slag,"  1873;  "' 
value  of  silicon  pig  to  the  ironfounder,"  1885  ;  and  "  The  wrou 
iron  permanent  way  laid  upon  the  North-Eastern  Railway,"  1879. 
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By  whom  Presented. 
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**  The  New  Coal  Question  :  a  Discussion  on  the  i  J.  S.  Jeans. 
Proposed  New   Coal   Duty  and   a   General 
Survey  of  the  British  Coal  Industry."     (Re- 
printed from  the  "  Iron  and  Coal  Trades  Re- 
view," April  26,  1901.) 
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The  Publications  of  the  Institute  are  exchanged  for  those  of  the 
following  Institutions  : — 
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\,— OCCURRENCE  AND  COMPOSITION. 

Ore  Deposits. — K.  Beck*  has  written  an  exhaustive  treatise 
ore  deposits,  in  two  volumes.  The  classification  of  ore  dep( 
adopted  by  the  author  is  based  exclusively  on  their  mode  of  ori 
His  two  main  classes  are  subdivided  in  the  following  manner: 
Primarii  th'pofiita :  Group  A. — Syngenetic  deposits  or  deposits  fon 
contemporaneously  with  the  surrounding  rock.  1.  Magnetic  depo 
such  as  magnetite  in  orthoclase  pori)hyry.  2.  Ores  as  sedimeni 
rocks,  either  those  nearly  in  the  same  condition  as  at  the  tim< 
tlieir  deposition,  such  as  bog  iron  ore,  or  those  that  have  been  i 
jecteil  to  metamorphic  processes,  such  as  the  magnetite  ores  of 
crystalline  schists.  Group  B. — Epigenetic  deposits  or  deposits  fon 
subsequently  to  tlie  surrounding  rock.  1.  Mineral  veins  or  lo 
2.  K}>igenetic  deposits  that  are  not  of  the  form  of  veins  ;  (a)  epiger 
ore  bt'ds,  or  deposits  mostly  of  distinctly  stratified  character,  fon 
essentially  by  an  impregnation  of  non-calcareous  rocks;  {h)  epigen 
(ne  massts,  or  deposits  ft>rmeti  by  a  metasomatic  saturation  of 
canous  lo^k,  such  as  calamine  deposits  in  limestone ;  (c)  cont 
metamorphic  deposits,  or  beds  and  masses  formed  at  the  sidt 
plutonic  intrusive  rocks,  such  as  contact-metamorphic  magnetic 
ores  :  ('/)  metallifert>us  deposits  filling  cavities  or  masses  formed 

*  Lihrr  von  da\  ErzlancrtUitttn,  Berlin  :  Borntraeger,  1900  and  1901. 
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simple  tilling  of  pre-existing  cavitiee^  such  as  pisolitic  iron  ore, 
L  Se^iondarfj  dej^oifiis^  or  deposits  formed  from  the  destruction  and 
-depositioD  of  primary  deposits :  1,  Deposits  formed  hy  chemical 
iion  ;  2,  Deposits  formed  hy  mechatiical  action*  The  firat  part 
ries  the  subject  tip  to  the  eod  of  mineral  veins.  All  the  more 
iftrkable  deposits  are  concisely  described,  and  careful  references 
given  to  the  literature  of  the  subject, 
I[i  the  second  volume,  tlie  consideration  of  mineral  veins  is  brought 
a  conclusion,  and  the  remainder  of  the  volume  is  devoted  to  (1) 
!OD-vein-like  epigenetic  ore  deposits  enclosed  in  stratified  rocks ;  (a) 
epigenetic  ore  beds ;  (h)  epigenetic  ore  masses ;  (i^)  contact-mefca- 
morphic  ore  deposits,  and  (rl)  metalliferous  fiUed-in  cavities  \  (2) 
secundary  or  alluvial  depusits;  and  (3)  general  hints  on  proBpectIng 
for  ore  deposits. 

The  various  theories  of  the  genesis  of  mineral  veins  are  discussed 
under  four  heads :  {a}  The  conger i era tiou  theory,  which  is  now  only 
of  historical  interest;  (b)  the  theory  of  deposition  froni  above;  (e) 
the  lateral  secretion  theory;  and  (d)  the  theory  of  ascension  or 
deposition  from  below.  The  theories  of  the  last  class  assume  that 
the  materials  tilling  fissures  and  impregnating  the  rock  rise  from 
unknown  depths  either  In  a  molten  state  (injection  theory),  in  the 
form  of  gases  and  vapours  (sublimation  theory),  or  dissolved  in  more 
or  less  hot  water  also  containing  gases  (thermal  theory).  It  is  im- 
possible^  the  author  shows,  to  explaiii  tlie  genesis  of  all  veins  by  a 
single  theory,  In  the  case  of  bedded  deposits  of  sulphide  ores,  the 
mode  of  origiJi  has  long  been  a  matter  of  controversy.  On  the  one 
hand,  there  is  tlie  precipitation  theory,  according  to  whieli  beds 
composed  of  sulphide  ores,  often  of  considerable  thickness,  have  been 
deposited  on  the  bottom  of  the  ocean*  On  the  other  hand,  endeavours 
have  been  made  to  explain  such  deposits  by  assuming  tlmt  ordinary 
sediments  have  been  impregnated  with  ore  by  a  subsequent  infiltration 
of  ore  sohitioris  from  vein  fissureSp  The  author  regards  tlie  latter 
Ljpo thesis  as  being  the  more  probable  in  most  cases. 


The  Ongin  of  Iron  Ores.— A  number  of  tables  are  given  showing 
the  chemical  compoMtion  of  spathic  iron  ores,  clay  ironstones,  limonites 
and  haematites,  chiefly  of  English  origin,  and  it  is  held  that  the 
majority  of  these  iron  ores  are  of  the  nature  of  alteration  pseud o- 
morphs.  They  have  subsequently  undergone  various  degrees  of 
metamorphisra,  which  may  or  may  not  have  obliterated  the  original 
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itrueture  or  th«  par«til  rock,  while  retaining,  &t  ibe  ttmt  timv  ■*■* 
af  t1i0  impure  earthy  tngredienis  of  tliAt  roclc.  Tb#  eoBpnlmiitf 
wiUt  whicli  iron  cc)in|K>un(ls  niitW^o  chemical  ifmBtlbrBalian^  ib' 
ih«  inexliaustible  supply  of  iron  Waring  mineral*  diffuitid  tktm(^ 
it]Q  rocks  i}t  the  earth's  cruat^  render  it  ^aay  ti>  un^efitaiid  $im 
0r  the  eoijce  tit  ration  of  jt-aii  orra  into  workabk  dtpoaili,  m  prfl  m 
thmr  wiil«^  dietrihution  anii  variabt<^  cjuatity,^ 

J.  H.  L.  Vogit  bringB  oviitcnco  in  ooniirmation  of  hit  lliiOf| 
ike  ilf^poiit«  of  tiianif<<r<mfl  iron  ore,  which  occur  in  prtinafy  fonaHim 
are  in  reality  baaie  negri^galiatis,  which  have  be«n  formed 
sure,  and  gire*  thcs  rc?«ult  of  hi«  recent  invcitigiliom  nf 
in  Norway*  In  oii«  Instance,  at  Spisho1dt|  nmr  EfiktiBg»  laafhi  i( 
titaiiifrrous  nm^etit«  were  found  to  contain  a  itrilODf  Ij  largi  aai0l 
of  apatite,  to  the  eiccent  of  10  fier  canL,  in  oryttaUiii#  brm. 

The  fonnation  of  bog  iron  or«ss  is  dbcuiaed  by  J,  KL 
with  ipecial  rofon^itce  to  the  depoiits  in  Itolhind. 
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Th6  Occurrence  of  Anthracita  id  Hiamatit«.— Fn  Ute 

luuumtiU}  inint*il  ni  litUenburg,  Naai&u,  anthrncitic  jtida^iosiii 
a  length  of  18(^0  fetst.     They  are  disj^nvd  uniformly  iu  iba  dimtti*] 
of  the  dtp  from  the  oukrop  down  to  the  loweai  d^pili  (5110  lii)| 
fowhed.      L,   Ijwiw^l  considers  that  the  f«miftflow  walai^ 
alt«red  the  original  litnettoite  beds  into  hiBmatit^i  bdd  in  i 
otlgtiiie  iuhttanoes  which  were  precipitated  wtib  iIm  [r»o,  tad  i 
tually  became  anthractta. 


Iron  Ore  m  Oumberland.  ~  W.  E.  Walket  U  d«ictilMi  tlm  I 
minsaig  tn  Cumbrjljind,  an«i  diacuag^s  th«  filtm  8lipf>Ui«  of  on  ill 
diftfiett  In  hit  opinion  the  amount  of  cm  yet  lo  be  diaeovtied  i 
worked  U  greater  than  that  produced  in  the  past 


Inm  Ore  in  Aiiitria.^.  Lowagf  deacribei  tW 

el  Fiiviidentlm]  in  Aaitrian  Siletia.     The  laioio 


I  Mttt$tkn0ffpr9ttmkgmdt9m,  Ii00»  ff.  MX  3^ 
4  KiMr  rmi  Ma««  lb*  Wliftohevw  -  -      - 

(  ITiiiia**' J^MiV*  9<it  Hit  If  A.  8k, 
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historic  times.  Originally  the  ironworks  were  situated  at  the  fortified 
town  of  Freudenthal,  on  the  site  of  the  present  villages  of  Altstadt  and 
Nendorfel,  where  traces  of  slag  are  still  to  be  found,  and  the  ore  was 
brought  from  the  hills  at  Kleinmohrau  and  Neuvogelseifen.  The 
history  of  the  various  ironworks  is  traced  up  to  the  year  1860,  when 
the  scarcity  of  wood  for  charcoal-making  rendered  it  necessary  to  shut 
^own  the  blast-furnaces.  The  manufacture  of  wire,  wire  rods,  and 
ehains  continued,  however,  until  1896.  The  ore  smelted  consisted  of 
magnetite  with  red  hsematite  and  specular  iron  ore.  The  proportion 
of  iron  varied  from  28  to  62  per  cent  The  ore  occurs  in  bedded 
masses,  enclosed  in  Lower  Devonian  chlorite  schist.  The  mines  have 
been  worked  only  to  a  very  slight  depth,  and  with  the  improved 
railway  communication  it  might  be  a  remunerative  undertaking  to 
re-open  them. 

J.  Blaas  *  describes  the  occurrence  of  iron  ore  in  the  Stubai  valley 
in  the  Tyrolean  Alps.  The  ore  occurs  in  beds  of  3  to  4  yards  in  thick- 
ness, but  an  accurate  survey  of  the  extent  of  the  deposits  has  still  to 
be  carried  out.  It  is  thought  that  the  mining  of  these  deposits  would 
prove  remunerative. 

F.  Ryba  t  confirms  Vogt's  hypothesis  that  the  chrome  iron  ore  that 
occurs  in  eruptive  peridotites,  or  in  the  serpentines  derived  from  them, 
is  a  primary  product  of  magmatic  differentiation.  At  Kraubat,  in 
Upper  Styria,  chrome  ore  occurs  of  the  following  composition :— 


8iO,. 

MgO. 

CoO. 

Fe^O,. 

Al^O,. 

Or,03. 

4-3 

97 

6-4 

'     91 

13-7 

56-2 

The  ore  occurs  scattered  irregularly  in  a  rock,  whose  principal  con- 
stituents are  olivine  and  chromite. 


Iron  Ore  in  France. — Coignard  |  gives  the  results  of  analyses  of 
siliceous  carbonate  of  iron  from  Saint-Roman,  Gard  (36*10  per  cent,  of 
iron  and  3*30  per  cent,  of  manganese) ;  of  brown  haematite  from  Cambo- 
les-Bains,  Basses-Pyr(5n^es  (42*4  per  cent,  of  iron,  0*23  per  cent,  of 
phosphorus,  and  23  20  per  cent,  of  silica);  of  limonite  from  Saint- 
Julien  de  Valgalgues,  Gard  (35*2  to  48*6  per  cent,  of  iron);  and  of 
limonite  from  Mende,  Loz^re,  from  Saint-Etienne  de  Yaldonnez,  and 
from  Pellet,  Gard. 

•  ZeiUchrift  fUr  praktische  Oeologie,  1900,  pp.  369-370. 

t  Ibid.,  1900,  pp.  337-341. 

X  Annales  des  Mina,  vol.  zviii.  p.  489. 
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Iron  Ore  in  Lorraine. — H.  Ansel*  gives  a  detailed  deieripliM 
of  the  oolitic  iron  ore  formation  of  Grerman  Lorraine.  The  mbjeet  ii 
dealt  with  under  the  following  heads: — (1)  (geographical  pontioD;  (I) 
Geology ;  (3)  Petrography  of  the  minette  formation ;  (4)  The  Tanons 
beds;  (5)  Faults;  (6)  Extent  of  the  beds;  (7)  Available  siipplj 
of  ore ;  (8)  The  genesis  of  the  iron  ore  beds.  The  paper  is  illas- 
trated  by  a  map  on  a  scale  of  1  to  150,000,  showing  the  principsl 
faults  between  Fentsch  and  Gorze,  by  six  sections  of  shafts  and  bwe- 
holes,  and  by  three  sections  of  strata.  The  author  shows  that  tbe 
Lorraine  minettes  are  of  marine  origin,  dating  from  the  Lower  Dogger 
period.  There  is  enough  ore  to  last,  with  an  annual  output  of  8,000,000 
tons,  for  250  years. 

G.  Rolland  t  discusses  the  genesis  of  the  beds  of  oolitic  iron  ore  b 
Lorraine.  He  shows  that  the  oolitic  iron  ores  are  of  a  sedimentsiy 
nature  and  of  a  Continental  origin. 


Iron  Ore  in  Luxemburg. — The  following  are  some  analyses  of 
Luxemburg  iron  ores :  J — 


II. 


III. 


IV. 


Tl. 


M.-t.  Fe 
Mii-.O, 
Met.  Mil 

SiO., 
A1..0.. 

P   . 


(M- C«?nt.     Per  Cent.     IVr  Cent.    Per  CVnt.    IVr  Cent.  .  Per  iViit. 
47  91 
S3 -24 

r.s4 


1  so 

0-80 


5SJ(> 
40  07 

orrj 

0  37 
7-54 
4  74 

7r»8 

2-27 


n(r2*> 

31)  ^l* 

0-54 

0-39 

13  35 

0  10 

0  44 
2  31 

1  00 


3S49 
27t);< 
0-30 
0-26 
41-96 
4-57 
4  93 
1  •<'>«> 
0-72 


rHJ49 

3!»-2«) 

0  51 

0-30 

1010 

0  43 

5:U) 

I'M 

U-81 

25iir» 
1817 
0  25» 
0-JO 
S-4> 
2  28 
3:V32 
HlU 
0.i3 


Nos.  J.  and  II.  are  from  the  Rumelange-Dudelange  basin ;  Nos.  III. 
aud  IV.  from  the  Esch  field ;  and  Nos.  V.  and  VI.  from  that  of 
Differdange-La  Madelaine. 

Lron  Ore  in  Bosnia. — According  to  F.  Poech,  ||  the  iron  ore  re- 
sources of  Bosnia  are  very  considerable,  the  most  important  mines 
being  tliose  of  Varos,  near  Sarajevo,  where  a  series  of  alternations  of 
red  and  brown  inanganiferous  haematites  and  spathic  ores,  included 


•  Z^:tsrhr:ft  /,ir  prnktifchc  Gfolof/k,  1901,  pp.  81-94. 

t  Conifitfn  litmlua  ii(  VAcniUmU  tits  ScUnccs,  February  18,  1901. 

t  Stahl  tnni  Kiscu,  vol.  xx.  p.  12t)6. 

.,  *'L'Indu«tnc  Minoralc  de  Poanie-HerKegovine." 
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between  old  crystalline  schists  and  triassic  limestones,  are  worked  in 
open  easts.  The  deposits  measure  from  200  to  330  feet  across,  and 
Are  estimated  to  yield  10,000,000  tons  of  ore  without  subterranean 
mining.  The  ore  broken  in  the  workings  is  lowered  by  an  inclined 
plane'  2296  feet  long  with  a  fall  of  820  feet  to  the  smelting  works. 
The  output  for  1900  will  be  about  130,000  tons,  about  50,000  tons 
being  exported  partly  through  Metkovic  to  the  Trieste  blast-furnaces, 
and  partly  by  the  northern  railways  to  works  in  Hungary  and 
Austria,  while  the  remainder  supplies  the  local  furnaces.  One  high 
bloomary  furnace  still  remains  at  Stari  Madjau,  in  the  north-west  of 
the  country. 

Iron  Ore  in  Elba. — V.  Sevieri  *  gives  the  results  of  the  analyses 
of  a  number  of  cargoes  of  iron  ore  from  Elba.  The  total  iron  contents 
varied  from  59*64  to  64*01  per  cent.,  ferric  oxide  from  76*20  to  91*44, 
ferrous  oxide  from  0*68  to  10*20,  silica  from  4*01  to  9*78,  alumina 
from  0*39  to  1*42,  lime  from  0*41  to  0*93,  manganese  from  a  trace  to 
0*70,  phosphorus  from  0*028  to  0*056,  arsenic  from  a  trace  to  0021, 
sulphur  from  0*035  to  0*065,  and  loss  on  ignition  from  3*51  to  5*69 
per  cent. 

Iron  Ore  in  Norway. — H.  C.  Carpenter  t  gives  a  r6sum6  of 
J.  H.  L.  Yogt's  conclusions  regarding  the  possibility  of  an  iron 
industry  in  Norway,  and  the  erection  of  blast-furnaces  at  Ofoten  to 
deal  with  the  Kiirunavaara  ore. 

Iron  Ore  in  Ronmania. — According  to  P.  Ponf,  J  iron  ore  occurs 
in  Boumania  in  workable  deposits  at  several  localities.  The  principal 
deposits  are  the  magnetites  between  Podeni  and  Obirsa,  the  limonite 
beds  on  the  western  flanks  of  the  Balma  Mountains  and  on  Mount 
Dirmoxa,  and  the  red  hsematites  of  the  Suceva  district. 

Iron  Ore  in  Rnssia. — The  fear,  to  which  reference  has  several 
times  been  made  in  these  abstracts,  that  the  iron  ore  deposits  of  the 
Krivoi  Rog  district  were  relatively  approaching  their  end,  appears 
now  to  be  unfounded.  In  1897  it  was  thought  there  were  about 
32,000,000  tons  of  ore  left;  in  1898  this  quantity  was  estimated  at 

•  Rauegna  Mina^aria,  voL  xiv.  pp.  101-102. 

t  Engineering  and  Mining  Journal^  vol.  Ixx.  p.  372. 

X  Annales  Scientifiques  dc  VUniversiU  de  Jassy^  1900,  pp.  15-148. 
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55,000,000  tons;  and  in  1899  the  estimate  had  riaeii  to  90,000,000 
tons,  new  ore  deposits  having  been  repeatedly  opened  up.  .  It  is  now 
believed  that  the  iron  industry  of  South  Russia  will  be  served  bj 
these  deposits  for  the  next  thirty  years.  * 

A  large  number  of  analyses  of  Russian  iron  ores  are  published  by 
Neumark.t  These  are  arranged  according  to  districts.  Seventeen 
analyses  are  given  of  ores  from  South  Russia.     These  yielded : — 

Per  Gent. 

Iron 29-65  to  52-45 

Manganese 0*19  „    2*90 

Phosphorus 8*95 

Copper 0D8 

Silica 8-eO  to  35-95 

Alumina 0'S5  „  13-86 

Lime .  0-41  „  15*42 

Ma^esia 2*14 

Sulphur 0*28 

Water 15-24 

Loss  on  ignition 12-72 

Of  ores  from  the  Krivoi  Rog  district  eight  analyses  are  given. 
These  are  as  follows : — 

Per  Cent 

Iron 46-64  to  66-00 

Manganese 0*10  „    0-24 

Phosphorus 0*01  „    0*04 

Silica 3-73  „  26-00 

Alumina 070  „    4*56 

Lime 0*50  „    2*67 

Magnesia 1*39 

Sulpliur 0*36 

Water 5-00 

Loss  on  ignition 5*80 

Next  on  the  list  are  Kertch  ores.  These  are  divided  into  "Light" 
and  "Dark."  The  former  contain  about  43  per  cent,  of  iron,  and 
under  1  per  cent,  of  manganese ;  while  the  "Dark"  ores  contain  about 
the  same  percentage  of  iron,  but  up  to  5*63  per  cent,  of  manganese. 
Both  varieties  contain  from  1  to  2  per  cent,  of  phosphorus.  Only  two 
ores  are  given  from  Central  Russia.  These  contained  about  50  per 
cent,  of  iron.  With  regard  to  the  Ural  district,  analyses  are  given  of 
clay  ironstones,  magnetites,  brown  iron  ores,  manganese  ores,  and 
chrome  iron  ores.  The  manganese  ores  contain  from  52  to  58  per 
cent,  of  manganese  and  3  5  to  7*8  per  cent,  of  iron,  with  but  little 

*  Stahl  und  EUai,  vol.  xx.  p.  861.  f  i/ytt/,,  vol.  xxl  pp.  64-66. 
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phosphorus  or  sulphur.     The  following  are  the  analyses  of  the  chrome 

iron  ores : — 

Per  Cent. 
I.  II. 

Chromium 23*33     32*40 

Iron 7*8 

Silica 13*8         6*8 

Alumina 7*3        14  7 

Liine 3*9         0*5 

Magnesia 21*1        15*8 

Sulphur trace 

No.  II.  contained  0*07  per  cent,  of  manganese. 

Analyses  are  also  given  of  clay  ironstones,  brown  iron  ore,  and  lime- 
stones from  Poland. 

Iron    Ore   in    Spain. — The  following  analyses  of  Spanish  red 
hsBmatite  are  published  by  E.  F.  Diirre :  ♦ — 

1.  Asiurian  Ores  Smelted  at  Truhia, 


Ferric  oxide 
Silica  . 
Alumina 
Lime  . 
Magnesia 
Manganei 
Sulphur 
Phosphorus 
Loss  on  ignition 


Quiros. 


79-54 
14*00 
1*00 
0-62 
trace 
0-80 
070 
0*48 
2-86 


Quiros.      I  Castaliedo. 


74*40 
16*20 
2*50 
2*50 
trace 
trace 
0-41 
005 
3-40 


70*58 
20-84 
1-58 
2-26 
0-51 
Oil 
0*43 
1*52 


2.  Ores  from  Almeria^  StnifJi  of  Spain. 


Silica 

5-55 

10-33 

Ferric  oxide 

88*08 

8301 

Alumina       .... 

1-83 

2*24 

Lime 

1-50 

0-83 

Magnesia      .... 

2-21 

2-58 

Phosphoric  anhydride 

Oil 

021 

Loss  on  ignition  . 

1-60 

1          1-50 

H.M.  Consul  at  Corunna  has  forwarded  a  report  to  the  Foreign 
Office  on  the  mining  industry  of  Galicia.t     The  most  important  iron 


•  Die  Hochofenbctriche  am  Ende  des  XIX.  JahrhunderU^  Berlin,  1901,  p.  12. 
t  Board  of  Trade  Journal,  vol.  xxxi.  pp.  292-293. 
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minei  exist  in  the  northern  part  of  the  provinea  of  I^^go^  i*  A« 
riieigbboarhQfKl  of  Viveiro  ami  Riviidea  In  thf»  finl  of  ibcM  piMM 
K>me  mines  w«ro  acquired  by  a  Oermnn  company  wHb  iiAoM  b 
London,  who  eonitruct^d  an  atrial  tramway  for  the  parpmm  of  mm- 
Veying  the  ore  to  a  qtmy  on  the  Wi^itt  iiile  of  the  Bay  of  Vlrem.  It 
appart  that  the  orrs,  which  an«  phosplioric,  contain  DO  per  mmt.  of 
iron.  In  the  afttumn  of  1000  the  fint  thiptnent  wia  ttads.  TW 
phosphonii  11  utiliaed  for  the  timnufacture  of  manure, 
foreeaat  that  for  the  currant  yrar  thi^  (?xtraf!ttoii  will  he 
I2d|000  tonii,  which,  it  baa  been  arranged,  will  be  tranaparted 
figttei4am.  At  tliia  rate  of  eihau«tion  the  minea  bafw  a 
flMfore  tbem«  tince  it  it  eaiimate4  thai  thi?  4epoiit  ia  KgOMtOM 
metret  in  eitent,  or  equal  to  1&, 000,000  tons  in  weigbk  Ai  Rira4ea^ 
alao,  important  work«  havt^  been  started  by  a  Bilbao  eamf^^j^  mt  a 
rich  anil  «jcttn)4iv«  mineral  £ciuo^  which  oontains  abonH  iba  aaaa  pra- 
portion  of  mineral  aa  this  V^ivcro  depotit*  A  moootaiiioiiii  diatfiei  ni 
the  iouth-easteni  |iart  of  Lugo^  ealletl  El  Incb,  and  UwomMf 
to  the  Aticienti  a»  a  mineral  produoeri  eantains  m  daporft  jpviJif 
G7  to  02  poT  cetit,  of  pure  irun*  The  e^ti^tit  of  the  mituiral 
is  such  tliat  it  is  quitA  iroposaible  fur  one  company  to  work  it  aleo# ; 
and  its  eirploiutioQ  has  hitherto  been  preventacl  by  tbe  faH  that  ikcre 
are  no  advantageous  means  of  traiispnrt  at  band*  A  surrey  foe  s 
mineral  line  is  now  being  carried  out,  and  wheu  Ibe  railway  n 
aoni|pletei]  an  cjitensive  and  important  mineral  bdiistij 
spnng  up, 

¥.  U  Adams  *  describes  tlie  iron  ore  depoalla  oTBltbaA* 
J,  A.  Jones  t  revji!ws  the  iron  ore  prospects  in  tl>e  pfiiyiacea  of 
Logo  and  Leou»  and  tn  the  Asturiaa, 


Iron  Ore  iti  Switzerl&niL— A.  Ileim  {  deaeribea  Ab  irwa  at* 
^ueit  uf  (taiic4fi}.  The  minrft  arv  no  longer  in  opefalkn,  aad  iW 
\Qt%  whtch  hitherto  has  been  regarded  as  belonging  to  Am  Upptf 
>agpr,  is  shdwn  to  be  of  Up{)er  Jursssic  age.  The  afv,  wUck  cott* 
abta  of  biematite  and  magnetite,  contains  50  to  60  par  mttL  9t  itiR. 
It  contains  particles  of  iron  pyrites,  and  is  aeeompaaiefl  by 
oca  About  one-ieventh  of  tbe  deposit  lias  been  excaratatl^  and  i 
1,600,000  tons  of  ore  oooM  be  extracted* 


4 


V        T.^.     f% 
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Iron  Ore  in  India. — T,  R  Holland*  discusses  tlie  geology  in  the 

iieighbourhoo<l  of  Satenii  Madras  Presidency,  and  gives  a  number  of 

analjsei  of  ore.s  which  coiitaiiii  on  the  average^  43 '8  per  cent  of  magne- 

■iite  and  33'2  of  li^matitei 

Magnetic  Iron  Sand  on  the  St,  Lawrence.— J.  Obakkit  gives 

some  notes  on  the  magnetic  iron  ore  Ban  J  found  on  the  north  shore  of 
the  St*  Lawrence,  In  1867  a  company  was  formed  to  buihi  eight 
bloomary  furnaces*     The  ore  was  smelted  with  charcoiil,  and  most  of 

.the  product  went  to  the  United  States;  but  in  18T5  it  was  subjected 
the  bigher  tariff  of  bar  iron,  and  the  works  had  to  shut  down. 
The  most  important  points  at  which  the  ore  occurs  are  Natasliquan, 
Moiaie,  and  St.  Jean*     Probably  tlie  best  way  to  treat  the  ore  would 

f  1m  to  dry  it  and  pass  it  through  magnetic  concentrators*  From  iO  to 
60  per  cent*  of  black  sand  would  thus  be  obtained. 

iron  Ore  in  British  Columbia.— According  to  H.  M,  Lamb^t 

the  production  of  iron  ore  in  British  Columbia  has  not  exceeded  2000 
tons  annually,  and  is  mainly  derived  from  two  places,  the  Glen  Iron 
mine,  near  Kamloops,  and  the  mines  on  Texada  Island*  Other  more 
or  less  extensive  deposits  have  been  found  at  Sooke,  Ghemainus,  and, 
Barclay  Sound  ^  on  Vancouver  Island  ;  at  lUvers  and  Knight  Inlets,  on^ 
tbe  mainLand  j  on  the  Queen  Charlotte  Islands ;  and  in  several  places 
inland  in  the  districts  of  Similkamecn  and  Cariboo.  On  Texada 
Island  the  ore  mass  is  an  irregular  contact  mass  between  limestone 
and  granite,  20  to  25  feet  in  width,  and  the  ore  contains  up  to  (59  per 
cent*  of  iron,  Analyses  of  ore  from  a  partly  explored  deposit  on 
Sarita  River  iu  Barclay  Sound  show  64  to  C9  per  cent  of  iron,  with 
traces  up  to  0^02  of  sulphur  and  0*003  to  0*01  of  phosphorus.  The 
geology  of  the  various  deposits  ia  briefly  sketched,  and  some  illustra- 
tions are  given. 

Iron  Ore  in  Georgia. — S.  W.  M*Callie§  gives  some  notes  on  the 
red  fossil  iron  ores  of  Dade,  Walker,  and  Chattooga  counties  in 
Geargia.  They  occur  in  one  or  more  beds  near  tlie  centre  of  the 
Koekford  formation,  of  Silurian  age,  which  corresponds  to  the  Red 
Mountain  or  Clinton  formation  in  Alabama,     As  a  rule,  the  bottom 

*  Memoin  ofthr  Ge<d&fficai  Sarveif  nf  Indi&t  vol.  %xt.  pp,  111-115, 

f  TranmHiont  of  Ihe  Amerk&n  Tn^iUiU  &f  Minintj  Kn^inctrii  Monive^l  M«etiiig* 

X  Enrfi^eeHng  Mitrjazinf,  vol.  ii.  pp^  399-407* 

S^i^inecring  and  Mining  JoUi'mif^  voL  btx.  pp.  757^Tfi8» 
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Ih'iI  \ifliifi  th«-  best  ore.  and  the  avenge  thicknen  ii  aboos  3  fdl 
Thi  nn  IS  TinrktMl  n{»eii  casi  when  the  cover  does  ziot  exceed  lOfert: 
otiiiTwiFf  iiiiiiin^'  i.-  resortrd  to.  During  pan  of  laas  jear  the  octpct 
an)M!ini«'>i  in  a'»Miut  Oimj  loni*  daiir. 

A  iirriiniiiiarv  n-iiort  ha^  been  pubiished*  on  the  iron  oret.  BainiT 
IinMiniif.  (if  I'uik.  Bartow,  and  Floyd  counties  in  Georgia.  Sbps  vA 
p'oiopcjii  fKT.iionr-  an-  api»ended. 

Iron  Ore  in  New  Jersey. — Attention  is  called  lo  the  extensiTe 
iron  I  in  rc.«niirr(>s  ot  Nrw  Jer8ey,  which  are  not  onlj  large  and  ire 
iH'iiiL:  Htf':iitiiy  wnrkiMl,  but  new  additions  in  the  way  of  fresh  diseoTeriec 
arc  coiistanilr  i»oin^'  ad(t<>d  tr>  them.  To  a  great  d^ree  ther  hire 
'iHTii  nVf'r.stiji<iowrii  during  recent  years  by  the  huge  deposits  of  the 
\siiiiv  SinirriDr  and  iho  Alabama  districts.  Several  of  the  mines  nov 
wcirkiii;:  arr  nH^ntioned,  and  some  of  them  at  least  have  been  developed 
in  sii(!li  an  extent  tiiat  thi;ir  available  reserves  are  now  larger  tbin 
tliev  cvf'r  have  biM*ii.  Mucli  of  the  country  between  prodocing  mioei 
lias  never  been  projMjrly  t^xplored,  or  has  only  been  touched  by  mesni 
(»r  K)ia11i>w  work  in, ITS,  noubiy  I  Kit  ween  the  Mount  Hope,  Singwood, 
and  SicrlniiT  mines.  iK'Velopment  along  more  modem  lines  ii 
ur^'onilx  railed  for  to  bring  the  Slate  into  the  ranks  of  the  foremost 

Jln»liu^^•r^.1 

Limonite  in  Pennsylvania.  -According  to  T.  C.  Hopkins,  J  there 
li;i.-  iM'ii  nij«  wtii  aiiiviiy  during  the  ]>ast  year  in  the  mining  of 
]iiiiiiiit<-  «>!<>  (if  In  iiii>yi\aiiiu.  Tiiis  ore  is  widely  distributed  in  the 
Sijitr,  i.ii:  tin-  oii!\  (M'|i.»s.is  wuikeil  are  in  the  Cambro-Ordovician 
liuiif  ti»inv  ;,ii.i  s];»t(>..  As  ;t  ruii'.  ihr  ore  has  not  been  worked  to 
;■!.■;.! ••!■  'I'l';!.-  :i;;i!i  sn  .-r  *»«>  let'i  on  account  of  water,  but  borings 
li:i\i-  .-1.  >\\ii  tiiai  \\n-  (>;-<-  is  iiiucti  lirrpcr  in  places,  and  occasionally  it 
i>.!«i,.i>  .  v»  I  ::i:_«  ;i!i;i>.  Ai  t::i'  ScDiia  mines  in  Nittany  Valley,  for 
ill  :;iij-'-.  "\'i  a  i-:ii..!rr.:  ;i(:f>  are  worked.  As  a  rule,  the  ore  is 
i!i Ml"  1  ill  !■•.■  \\ii>ii'Y-,  ^-.i:  iwinii-i'ickinir  and  jigs  are  sometimes  used. 

The  Menominee  Iron  Ore  District. — According  to  W.  S.  Bay- 

I.V..    :i:i-  '■!' -i'r--i.j«  iiij  r--.  k  ^-i   uw  Mt-noininee  district  constitutes  a 

|i:  ..■  ■.!■    N'  ■    !'-.  '•'     •  :'  '    >  . /' '.'f.  .".;  n.  Atlanta,  GeorgiM,  p.  190. 

■      Mi, .>-.'•  n't  Af,nir.i      .    x  <■  .    '.  ^  ■.    s-j".  t"?    }'V. 

K  /'r-i,tti/!";/r  '/  *'->  .J.  «',.',<  A-i  r, at  ■.•'yi  f-rr  t\c  Ad  lancemcfU  of  Science^  vol.  xlii. 
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[lagh  between  rims  of  b^sic  Tolcanic  rocka  on  the  south  and  granites 
id  gneisses  on  the  north,  of  Archiean  age*     Between  these  lie  two 

ries  of  Huronian  rocks  separated  b}^  an  unconformity,  and  they  are 
avered  un conformably  by  Lake  Superior  sandstone.     The  ore  forma- 

[>iiB  are  alternating  beds  of  jasper,  haematite,  and  quartzitea,  and 
inly  occur  in  the  Upper  Huronianj  instead  of  in  the  lower  series,  aa 

the  Marquette  region* 

The  United  States  Geological  Survey  have  published  a  geological 

i.p*  on  a  scale  of  1  to  62,500,  with  sections  showing  the  geological 
riations  of  the  Menominee  iron  ore  district* 


IrOQ  Ore  in  Wyomingp — H*  M.  Chance  t  deacribes  the  iron  ore 

leposlts  of  Hartville,  Wyoming*     The  ore  is  mainly  heematite,  low  in 

phosphorus,   and   it  occurs  in  lenticular  deposits  running  north-east 

Eld  south-west*     Four  large  bodies  have  been  developed,  and  there 

re  indications  of  numerous  other  deposits.     Most  of  the  district  is 

irered  by  100  to  200  feet  of  quarts te,  ly^'^S  ^^  ^^^  upturned  edges 

hf  the  slates  in  wbich  the  ores  occur  and  are  exposed  by  erosioDp 

Secondary  or  replacement  deposits  are  common,  but  do  not  appear  to 

of  value.     Average  analyses  of  the  hard  red  ore|  locally  known  as 

blue  ore,  and  of  the  soft  ore  show— 


Hurd  or©. 
Soft  ore  , 


¥e. 

SiOj, 

P, 

6G'13 

2*90 

oo:j8 

59^ 

8'92 

0010 

^ 


IrOE  Ore  in  Madagascar, ^L,  Pelatan  J  describes  the  mineral 
esourc^  of  Madagascar.  Gold  and  Iron  are  tbe  only  metals  widely 
distributed.  The  most  remarkable  iron  ore  deposits  occur  (1 )  at  the 
north  and  east  of  Tananarive,  in  Imerina;  (2)  on  the  western  slope 
of  Ankaratra ;  and  (3)  in  the  south  of  Cetsileo,  Some  of  these  deposits 
have  been  actively  worked  in  the  past^  and  are  still  the  object  of 
primitive  operations  by  the  natives. 


Manganeie  Ore  in  BrariL— A  large  manganese  ore  deposit  has 
lately  been  discovered  near  Ouro  Preto,  in  the  State  of  Minas  Geraes. 
Analyses  of  samples  taken  from  diS'erent  parts  of  the  vein  give  an 

average  of  59  per  cent,  of  manganese^  with  no  phosphorus,  and  a  very 
low  percentage  of  iron.     As  the  purest  ore  yet  exported  from  Brazil 


*  <*The  Menoiiiin««  SpecinJ  Folio  of  iha  Geologic  Atlas.  ^' 

f  Tfujuadiim*  of  the  Amtriean  IntUtutt  ofMimnff  JSngint^tt  Monireal  Hteting. 

X  Bsmt  UmrcrHik  dtM  Mints,  voL  UL  py,  270-S13. 
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gives  only  an  average  of  52  per  cent,  of  manganesei  the  valae  of  \ 
new  discovery  can  easily  be  seen.* 

Ohrome  Iron  Ore  in  Oreece. — One  of  the  oldest  minerab  wori 
and  exported  from  Greece  is  the  chrome  iron  ore  of  the  minei 
Bourdaly,  in  the  province  of  Tharsala.  These  mines,  which  i 
discovered  in  1870,  are  situated  about  20  miles  from  the  battlefieL 
Yelestino,  in  the  Kassidiari  ranges.  The  annual  production  is  a\ 
3000  tons,  which  realises  70  francs  per  ton.  The  ores  are  mo 
shipped  to  Austria,  and  are  employed  in  the  manufacture  of  fc 
chromium.  The  mineral  presents  itself  in  compact  masses  in  a 
white  earth,  sometimes  greyish,  and  in  contact  with  serpentine.  Qa 
and  schist  are  somewhat  rare.     An  analysis  of  the  ore  gives — 

OraO,.  FejO,.  AljO,.  SiOj. 

32  3  41-0  16-0  8D 

Since  1867  other  important  discoveries  of  chrome  iron  ore  \ 
been  made  in  the  Pelion  Ranges,  close  to  the  famous  silver  mine 
Kissos,  in  the  Island  of  Eubcea,  near  the  Bay  of  Karietos,  in  the  t 
of  Calchis,  capital  of  Euboea  Island,  and  in  the  island  of  Tiuos, 
which  concessions  have  been  asked. t 

Nickel  Ore. — The  consumption  of  nickel  has  of  recent  years  sh< 
a  considerable  increase.  The  greater  portion  of  the  ore  require* 
obtained  from  New  Caledonia,  where  it  occurs  in  masses.  Mosi 
the  German  deposits  are  poor  and  the  ore  diflScult  to  smelt.  It 
however,  reported  J  that  a  rich  nickel  ore  deposit  has  been  discove 
at  Frankenstein,  in  Silesia.  Another  rich  deposit  is  that  at 
Versolinuug  mine,  in  Hesse. 

F.   Dan  vers  Power  §  describes  the  deposits  of  nickel,  cobalt^ 
chromiiun  ores  in  New  Caledonia. 

Recent  Researches  on  Meteorites.— R.  T.  Bakery  describe 

new  meteorite  found  in  January  1900  near  Bugaldi,  Coonabarabi 
New  South  Wales.  It  is  a  siderite,  and  shows  Widmannstatten  figu 
Apparent!}'  it  is  a  recent  fall. 

*  Mining  Journal^  vol.  Ixxi.  p.  161.  f  /fc»d.,  vol.  Ixxi.  p.  288. 

t  Der  Gnom,  November  24,  1900. 

§  Tranmctions  of  the  Institution  of  Mining  and  Metallurgy,  vol.  viij.  pp.  426-47! 

II  Paper  read  before  the  Royal  Society  of  New  South  Wales.  June  6, 1900. 
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E.  iron  Fellenberg*  deBCribea  tlie  meteonte   from   Rafruti  in  the 

mm  en  thai  I  Ciiiiton  Bern,  Switzerland*     It  is  a  rragment  of  a  large 

ellipsoidal  iron   found  in    1886,      It  contains  a  high   percentage  of 

nickel,    aud    also    cobalt ^    phosphoruSj    and    sulphun      It   probably 

dtnTed  from  a  fall  in  October  1856, 

St  Meunier  t  has  analysed  a  meteorite  which  fell  at  Lan^on,  Bouchee- 
du-Eh<>ne,  on  June  20,  1897  at  8.30  p.m»  Ita  specific  gravity  is  3 '482. 
It  contains  8*8  per  eent^  of  grains  attracted  by  the  magnet,  and  con- 
taining 8*21  |>er  cent,  of  nickel,  6'35  per  cent,  of  pyrrhotine,  0^54  per 
cent*  of  clirom©  ironj  and  32*10  per  cent*  of  peridote.  The  insolublo 
residue,  52*21  p^r  cent,  consists  of  enstatite* 

S,  Meimier  |  describes  a  mass  of  metallic  iron  said  to  hav^  fallen 
from  the  sky  in  the  Soudan  on  June  15|  1900.  tt  showed  on  analysis 
1'988  per  cent,  of  ironj  7  "15  nickel,  traces  of  cobalt,  0'052  of  ferrous 
sulphide^  and  0'16D  of  ferrous  phosphide,  sihceous  fragments  and 
graphite.  The  metal  is  soft  and  malleable^  with  a  specific  gravity 
of  7 '31,  and  does  not  show  Wid  man  lis  fatten  figures  on  etching. 

E.  W,  Coll  en  §  describes  the  meteoric  iron  from  Kokstad,  Bethania, 
[id  Muchachos.     The  6[iecimen  of  the  Muchachus  iron  in  the  Vienna 
mm  was  analysed,  and  is  considered  by  the  author  to  belong  to  a 
lal  group  of  ataxites, 
E.  W.  Cohen  |]   describes   the  meteoric  iron  from  Bethany,  Great 
Xamaqualand,     It  contained — 


I 


Fe. 

Ni. 

Cb. 

Cu- 

C. 

Cr- 

S. 

P. 

91^ 

8*18 

0iJ3 

0-03 

001 

0-02 

0  04 

01)6 

%B  inineralogical  ootnposiuon  is  99*51  nickel  iron,  0'39  schreibersite, 
005  daubr4elite,  0*04  troilite,  and  00 1  lawrencite.  Its  specific  gravity 
15  7 -8408. 

R  W.  Cohen  fj  states  that  the  '*Kok«tad"  iron  in  the  Vienna  Museum 
gave  the  results  under  L  A  larger  mass  (298  kilogrammes),  snpposed 
to  be  from  Matatiela  in  the  same  district,  which  has  been  in  the 
South  African  Museum  since  1885^  g^v'e  the  results  under  IL  Both 
are  octahedral  iroiii  with  lamellai  of  medium  width,  but  they  show 
differences  in   strncture  which  suggest  that  they  do  not  belong  to 


*  CenimlhlaU  far  MitKfal^ie,  1900,  pp.  152-168. 

+  Compita  Rendui  tie  i'Acadimie  det  S^kncct*  viil.  ojtxxL  p.  8611. 

t  Ibid.^  Tol  oxJixii.  pfi,  441-  444. 

§  MiUhciiuj^en  naL  Vfrein  fUr  NettPorpommem  und  Rilgen,  1900,  pp.  1-4^. 

II  Animf*  0/iht  South  African  Muimpif  ]$QOf  tuL  ij.  pp.  21-20. 

f  Ibid.,  vol.  u.  pp.  9-m 
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the  same  fall.     It  is  proposed  that  the  latter  shall  be  known  m  the 
Matatiela  iron. 

Fe.        Ni.        Co.       Cu.        C.        CL         P.         a         ToUL     gP^ 

I.      91-21      8-01      0-6  J      0-02      0*03      0-05      0*22     truce     100*17      77876 
II.      \)2'20      7-30      0-r)7      003      0*08      0-03      019      0-03      100-53      7-80M 

£.  W.  Cohen  *  gives  a  summary  of  several  of  his  recent  papen  on 
meteoric  irons,  of  which  the  structure  is  compact  or  granular  (ataxites). 
A  comparison  of  the  analyses  shows  that,  with  few  exceptions,  then 
is  a  close  relation  between  structure  and  chemical  compoaition,  as  is 
also  the  case  in  other  groups  (hexahedrites  and  octahedritea)  of  meteoric 
irons. 

J.  M.  Davidson  t  gives  the  results  of  an  analysis  of  the  Resen 
meteorite. 

G.  P.  Iklerill  and  H.  N.  Stokes  I  describe  a  new  stony  meteorite  from 
Alle]gaD,  Michigan,  and  a  new  iron  meteorite  from  Mart^  Texas.  The 
latter  contains  89  68  per  cent,  of  iron,  9*20  per  cent,  of  nickel,  0*33 
per  cent,  of  cobalt,  0*04  per  cent,  of  copper,  0*16  per  cent,  of  phosphonu, 
and  0  02  per  cent,  of  sulphur. 

0.  C.  Farrington  §  discusses  the  nature  of  the  so-called  veins  in  the 
Farmington  meteorite  from  Kansas,  and  considers  that  they  are  metallic 
filaments  forming  part  of  the  original  structure. 


ll.—IBON  ORE  MINING. 

Diamond  Boring. — J.  J.  Jordan  ||  gives  a  detailed  account  of  the 
cost  of  diamond  boring  underground  in  Mexico ;  the  total  amounts  to 
6s.  7 '2(1.  per  foot. 

The  use  of  the  diamond  drill  in  exploration  work  is  described  by 
E.  R  Lungwitz.1[ 

Shaft-Sinking. — A  paper  has  been  written  describing  the  sinking 
by  the  freezing  method  of  shaft  No.  1  of  the  D'Aubou^  iron  mine.** 

*  Siizunfjshcrichtc  dcr  k.  prcussUchen  Akadrmu  dcr  Wiuensehaften,  Berlin,  1900, 
pp.  1122-1135. 
+  Procffdintjs  of  thf  Rochester  Academi/  of  Science.  1900,  vol.  iii.  pp.  201-202. 
'I  Pr'tccahu'j.^  of  the  Washinrjton  Academy  of  Sciences^  vol.  ii.  pp.  41-68. 
^  American  Journal  of  Sricucr,  vol.  xi.  pp.  fiO  02. 

Paper  read  befwre  the  Institution  of  Miiiini;  and  Metallurgy,  April  1901. 
•'  Mitivvj  Journal,  vol.  Ixxi.  pp.  103.  153,  178. 
•*  Annates  d(8  Afincs,  vol.  xviii.  pp.  379-484,  with  illustratioiu  and  maps. 


IRON  OBIS. 


349 


The  first  part  is  by  C,  Gavallier,  and  treata  of  the  development  of 
be  ore  bodies*  The  company's  property  lies  in  the  Meurthe-et-Mo&elb 
^^on  ore  district* 

The  second  part  of  the  paper  is  by  Daubin6.  The  first  chapter 
describee  the  preliminary  studies  of  the  property*  These  consisted  of 
(a)  an  ejtact  survey  of  the  boundaries  and  the  preparation  of  a  map  to 
a  scale  of  1  to  2000,  showing  topography  of  the  surface,  with  contour 
intervals  of  6  fD.  6  in. ;  (h)  study  of  the  deposits,  as  follows  i  L  Thick- 
ness of  the  beds  ;  2.  their  composition  ;  3.  their  depth  from  the  surface ; 
4.  tracing  of  the  faults,  &c.  Numerous  borings  were  made,  diagrams 
of  some  of  them  being  given*  Theae  borings  were  from  400  to  500  ft, 
deep  throngli  limestone  and  marl,  and  each  boring  required  several 
TOOnths  to  complete,  at  a  cost  of  2s.  6d*  per  foot.  The  second  clmpter 
describes  minutely  the  putting  into  execution  of  the  development  pro- 
ject. In  order  to  supply  sufficient  ore  for  the  600*ton  blast-furnace 
plant  to  be  erected  in  conjunction  with  the  opening  of  the  mine,  an 
output  of  1700  tons  of  ore  per  twenty- four  hours  was  required*  Ifc 
was  decided  to  raise  this  through  one  shaft. 

The  free^sing  process  was  decided  to  be  the  surest,  and  therefore 
probably  the  cheapest,  method  of  sinking  the  shaft.  The  depth  to 
the  ore  body  is  400  ft.,  the  ore  body  being  12  ft.  i)  in*  thick,  and  the 
sump  36  ft.  1  in,  deep,  giving  a  total  depth  of  448  ft  10  in.  The  first 
34  ft.,  or  down  to  water  level,  was  excavated  and  lined  witli  masonry ; 
then  20  borings,  460  ft.  deepj  were  driven  around  the  shaft  in  a  circle, 
21  fk  in  diameter.  The  finished  shaft  has  a  diameter  of  16  fl.  6  in., 
leaving  a  wall  of  but  2  ft.  3  in.  between  it  and  the  borings.  It  was 
necessary,  therefore,  that  the  borings  should  be  nearly  vertical,  a  matter 
of  considerable  difficulty.  Some  of  the  borings  had  to  be  abandoned 
on  account  of  being  too  umch  inclined.     The  methods  of  defeerminiag 

tthe  vertical ity  of  the  borings  are  described  in  detaiU 
Two  ^*  Fixary  "  ammonia  ice  machines^  with  a  capacity  of  a  too 
per  hour,  were  used,  the  ammonia  gas  being  subjected  to  a  pressure 
of  115  to  150  lbs.  and  liquefied,  and  then  passed  through  two  coils 
of  pipe,  the  first  placed  in  a  tank  of  cold  water,  and  the  second  in  a 
tank  of  calcium  chloride.  The  ammonia  gasifies,  and  passes  to  the  com- 
pressor again.  The  two  machines  worked  independently  of  one  another^ 
two  80  horse*power  engines  being  required  to  run  the  compressors. 
The  circulation  of  the  calcium  chloride  was  maintained  with  a  Worth- 
ington  pump.  The  liquid  was  forced  down  t)ie  borings  through  a  tube 
4 1  Inches  external  diameter  and  ^^  inch  thick,  and  returned  through 
■     1901.^1  z 
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a  tubt  1}  inch  externa]  diameter  ao4  |\  mdi  Uudr. 
stael  tub«a  were  nied.  The  progreu  of  ibe  freeaiiy  vi 
tncmai  of  ihermometor  readinge,  taken  ererjr  three  bovn^  ef  tkt  tMH 
licraturo  of  the  lit  gab  g  and  outflowitig  liquid  atid  of  ihe  liqiakl  ai  tW 
bollofiM  of  the  boringN,  The  thc^oreiical  thiektien  of 
neeeeeary  to  keep  oat  tho  undergroutid  wattn  la 
matically.  After  100  days  of  freezing,  Uie  itnkitig  of  ibe 
reeumed,  and  it  waa  found  ihat  ihis  suit  w«a  froicii  al»Drt  to  ^hmmm/lm 
of  the  tbalt  CompranaiM]  |Kiwdrr  win  naod  firalp  lite  prgyii  Wm 
10  to  20  tnchci  p«r  day.  Dynamite  «u  ttaed  Ut«ri  aixl  Um  yiufieii 
wai  30  p«r  cent,  greiu^r.  In  ttie  sarla  aa  mud]  ae  37  feel  p« 
day  were  fttuik.     Three  tlufta  were  worked  per  Iweaiy-four  boon  m  tb* 

r  afaafl^  each  ihift  can  ttiii ting  of  a  foreman,  tevvn  mitiani  aftd 

'  eigbt  helpcra.     Frnta  bbe  water  levol  to  a  depUt  of  S9S 
paaaiiig  through  water-bearing  itrata^  the  ihaft  waa  lji>ed  wilh  eaul  km 

^rinp  baekeii  up  with  concrete. 

Owing  to  the  proximity  of  Lh«  boringa  to  the  ahaft^  laaiiy  nifUuea  wi 

[the  cooling  tuhi^i  occurred  during  thn  work.  11iii  waa  at  firai  tbiHi|bl 
to  ha  due  to  the  n»e  of  dynamite^  liut  wm  finallj  foaad  la  be  dmm  la 
axoeaaiTe  itivaaea  pr<Klu€«?d  by  eon  traction «  and  tba  mlnrqitfuil  laaai^ 

Ihg  of  the  r^iiaUure  prmluci^d  hy  the  cold.  Tbt  ditking  of  the  lUk 
416  fe«t  through  t\w  froxon  toil  and  rock  began  July  6^  l^M,  mmt 
wai  fiuiihed  duty  5,  1900,  a  total  of  36 i  dayi.  FNw  tbia  absaU  be 
iadneted  53  dayi  loat  from  inllux  of  water,  4T  daya 
pfaietttg  tbe  caat  tnm  Uniag,  and  4B  dayi  uard  ta  buitding  tbe  i 
Hainf  in  tbe  botlon  wetion  of  thi*  il«aft;  leaving  2tf  «layaacfaallf 
demlccl  to  ibe  linking,  an  average  of  23  inchi»  fmz  tweitty-fo 

The  laat  ebapler  gives  a  general  dfiacrfpUoii  of  tha 
wrfbee  an«i>getii«ni«.      Twa    douhlr^eek  boteting 

laadi  weighing  3*§  tooi|  anil  with  a  carrying  capacity  of  6  tone  of  tmt^i 

'Tbaii  are  lifted  by  two  ftitnpk  boiataog  dxmm  with  lal  aakliu     Tw«] 
mlaa  eo«D|ioiiiid  condeuaiiig  i 

kgroand. 


Air-OompretaiDff  Pl&nt— An  illnattaled  deeeriptioii  of 
eoaiprMiaiig  plant  ol  th«  Vislarileiu  Mining  L\ini}iaajr  baa  baaa  p«W 
Llaabed*^     It  ia  the  ^nt  eentral   air^power  plant  to   be  ivt   ap  la 
and  it  la  tbe  largait   ttngta    birtiteani    of   ikm 

of  two 


tbe  Rapablie.     Ttie  air-comprMaing  pbttii 

•  •*llAii«fmlUmlMv*'v«La.|^m 


mON  OHES. 


Sot 


Sergeant  duplex  Corliss  air*com pressors,  eacli  having  two  croBs-coni- 
Dand  steam  eyiinders,  16  and  30  inch  diameter  hy  48  inch  stroke, 
%d  two  croas'coni pound  air  cylinders,  15-J  and  24 J  inches  diameter  by 
inch  stroke.  The  intake  air  is  compressed  in  the  first  or  low- 
are  cylinder  to  about  35  lbs*  pressure  per  square  inch.  From 
eie  it  is  conducted  to  a  large  vertical  int^rcooler,  where  the  hot 
"air  is  cooled  down  to  atmospheric  temperature,  and  is  then  led  into 
the  second  or  high -pressure  cylinder,  where  it  is  compressed  to 
mbont  100  ibs,  per  square  inch.  Thence  it  passes  into  a  large  verti- 
cal steel  air  receiver  placed  outside  the  building,  whore  it  again 
cools  and  dries  before  passing  into  the  distributing  main.  A  steam 
receiver  is  also  provided  between  the  high  and  low-pressnre  steam 
cylinders.  The  air  cylinders  are  of  the  piston  inlet  type.  Each 
compressor  is  also  provided  with  an  independent  jet  condenser  for  con* 
deosing  the  steam  from  the  exhaust  of  the  low-pressure  cylinders.  The 
capacity  of  the  two  compressors  when  running  at  rated  speed  of  75 
revohitions,  is  3666  cubic  feet  of  free  air  per  minute,  or  sufficient  to  run 
about  50  air  drills ;  but,  as  a  matter  of  fact,  the  Velar  den  a  Company 
are  not  using  more  than  about  20  drills,  the  rest  of  the  air  being 
applied  to  running  pumps,  hoists,  ^c.  The  two  engines  are  of  624 
indicated  borse-power. 

Electric  Plant.— The  electric  power  plant  of  the  Hollertszug  iron 
ore  mine,  Herdorf-on4he-Sieg,  Germany,  is  described,*  witli  the  aid  of 
a  number  of  illustrations,  Two  compound  engines,  each  capable  of 
developing  180  horse-power,  drive  three  shunt-wound,  direct-cnrrent 
generators  by  belting.  Tiiese  generate  45  kilowatts  at  250  volts  for 
winding  J  45  kilowatts  at  450  volts  for  pumping,  compressing  air,  and 
ventilating,  and  30  kilowatts  at  240  volls  for  the  electric  locomotive. 

K.  Classen  f  publishes  an  exhaustive  description  of  a  new  electric 
rock-drill  which  is  in  operation  at  Hartmanshof.  The  description  is 
illustrated  by  means  of  six  excellent  photograplis.  It  is  found  that  to 
ore  a  hole  one  metre  deep  the  time  occupied  is — 

Fine-etAijn«d  gnLnlte      ■  .  *  .  *  .  12  to  30 

Very  hard  i| liar Ljtit*       .  .  .  .  .  10  .,  15 

Hjird  tmverCtDG     *  ,  »  ,  *  .  ti  „  10 

Verj  hHra  Uuiwikitia      .  .  .  ,  «  .  12  ,,  15 

OirboniferDQi  iflDdatDUD  .  .  ,  ,  «  ir>  ,,  20 

Fine-gr«med  red  HandHtone  .  .  .  ,  .  10  ,»  12 

DolofDite       ,        .        .  .  ,  **  M  n> 

Marble  ,..,.....  6  h  15 

tie  drill  is  of  the  rotary  type  with  a  diamond  boring  crown, 

•  Iron  and  Gml  Tradtt  Meriew,  vol.  UVl  p|i.  387-38**. 
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Iron  Ore  Mining  in  Cleveland. --Some  g«ni»ttj 
CleveUDd  diitrict  bare  apjiearud,  coUeetdti  from  dilFerail 
VAtiouif  mott!^  aociepi,  datci.    Included  &re  iilaitmUoni  of  (Im 
worlu,  and  the  th&ft  and  the  tubbing  at  Lumptejr  initt«.* 


Iron  Ore  Mining  in  Sweden.— The  ro#thodi  of  worinof  m 
vogue  in  the  Swedish  trim  ore  ntinee  are  d«fterilf<4  in  deimJ  hy  W. 
Peter»on,t  J 


Mining  in  the  Lake  Snperior  District— C.  BnckenkvyJ 
glYea  aa  accoUDt  of  tume  of  the  ujtilhodi  of  mining  in  iIm  lleailii 
t«ngii  Intwr  alia  reference  la  midff  U)  ih^  timWr  ftlidei  »l  iIm  Fsysl 
minety  «id  the  counterhAlanced  cage  at  the  denoft  fldne  for  I 
the  timber,  and  to  Ihe  eteam-heated  undergrocind  room  al 
mineft  for  ittawing  ilynamitt*. 

A  plan  and  iome  plioUigraphi  of  the  Biwabik  Iron  ore  uitie  on  Urn 
Moiabi  Range  havo  appeared,  g  All  thir  ore  ii  obtained  is  ii|ico  work* 
inga  bjr  three  ateam  ahoTel%  two  of  frbich  are  of  65  ton  and  ooo  «f 
65  ton  capacttj.  An  area  liaa  been  itripp«Hl  of  more  ikan  liW  &■! 
In  length,  nearly  800  feet  in  width  at  the  wtdeat  part,  and  raafinf 
Imn  50  to  100  feet  in  depth*  Some  thne  miUjon  cubic  jta4M  of 
eom  have  been  removed^  and  more  ore  haa  botn  qnootnW 
expeetvd.  The  atripptng  ti  done  with  ihe  aid  of  fit* 
ihoveli,  iirTOiiteen  amall  locomotivet,  and  tipping  imcka 
2h  cnhh  jrardi  rach,  Ihe  ipoil  being  removed  lo  wwte  Impi  mm  Ik^ 
adjacent  laniL  The  open  cut  hai  been  earned  right  thiMgli  tke  mta% 
m  tkml  the  ore  Iraina  can  cirealata  continaoaily,  and  during  Iko  mamm 
,  of  till  jiar  tbe  thoTela  took  eat  91 5,000  toDs  of  om  flniM  nlmki  «f 
tkk  on  oontalned  eS  75  of  irott  and  0  040  of  phofplienM.  Bitf  tko 
tmiainder  oontained  QHW  per  oeni,  more  phoepkorii%  and  tW 
katf  OHIO  per  cent,  mora  with  the  eune  anoitDl  of  inn. 
ore  waa  aUo  •hip^tcd,  but  much  of  the  lover  glide  iwlaifrfng  Wlo 
W  per  eent  of  iron  ii  being  piled  apart,  io  aa  to  obtain  icciw  lio  ike 
fieker  beda 

On  Iko  Gog^bJie  Bange  |  moat  of  the  ahafU  are  ionk 
At  the  Norrie  mine  a  large  iluft  with  four  i 


ail  ifpv  110  laa 


foL  IsiL  pfw 
BMflilfla. 
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being  Btuik  on  the  foot  wall,  and  steel  beams  are  being  used  instead 
of  timber  for  the  support. 

Some  half-tone  engravings  and  other  illustrations  of  the  mining 
Dperations  in  the  iron  ore  district  of  Lake  Superior  liave  appeared  in 
^%u  account  by  W.  Fawcett* 

A.  Bachellery  t  gives  a  detailed  deicription  of  the  iron  ore  mines  of 

Minnesota     G.  Wallin  I  also  describes  the  iron  ore  mines  of  the  Lake 

l«Bupenor  district. 

Handlliig  Ore.^W.  Fawcett  §  gives  a  picturesque  account  of  the 
wharves,  vessels,  and  appliances  for  handling  the  ore  on  the  great 
lake^,  and  his  article  is  illustrated  by  a  number  of  half-tone  plates  and 
other  drawings  by  E.  L,  Bltimenschein. 

W.  Fawcett,!  in  another  article,  compares  the  coats  of  handling  and 
transporting  ore  on  the  great  lakes. 

A,  C*  Johnston  U  describes  tlie  shipping,  charging,  and  diacharging 
arrangements  for  iron  ore  and  coal  on  tlie  great  lakes.  Numerous 
illustrations  are  given  of  the  newest  forms  of  appliances  for  the  above 
purposes  that  are  in  use. 

Illustrations  have  appeared  ^^  of  the  ore  dock  built  of  wood  at  West 
Superior,  Wisconsin,  It  was  built  between  January  lat  and  May  1st, 
1900,  and  will  hold  40,000  tons  of  ore.  The  dock  is  1500  feet  in 
length,  63^  feet  broad,  and  73  feet  high  from  water  to  rail  level  On 
each  side  there  is  a  row  of  ore  pockets  each  holding  160  tons  of 
ore.  Each  pocket  has  a  hinged  shoot  for  loading  direct  into  the  vessels 
berthed  alongside,  and  the  pockets  themselves  are  loaded  from  the 
railway  waggons  which  run  over  tli^m. 

An  illustration  has  appeared  ft  of  a  small  vertical  boiler  mounted  on 
(m  tram  trolley  for  use  in  quarries  and  mines. 


*  Cmiurif  Maf/diim,  vol.  liL  pp.  712-72G. 

t  Anuaiet  da  Mines t  ToL  xvili.  pjn  154-213. 

J  Tehhiik  Tidakri/t^  vol*  xx%\.  pp.  65-75» 

I  Century  M&gazint,  toI.  hi.  pp,  8&1-863. 

li  Iron  Affe,  M*rch  21,  I9(J1.  pp.  11-12. 

^  Slakl  und  Eisen,  vol.  isti-  pi>.  14-21 ;  lixicco  illuttrntioKa* 

"'  Enffinterin^  Sewt,  toL  xliv*  p.  424,  ^ith  plute. 

ft  Irem  and  Ccal  Trad€$  Etuiitef.  vat  liL  p.  1101. 
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Uh—MECHANIOAL  PREPARATION, 

Magnetic  COEC^QtrSltiOQ.^ — A  description  has  be€<i  piiblbhai  *  of 

the  Wetheritl  magnetic  con  central  ton  plant  Mtbe  Lohmanusfeid  Minf, 
in  Siegerland.  The  ore  consists  of  galena,  zinc  blende,  aud  ipa.iiiic 
iron  ore,  the  U^t  named  containing  1 2  per  cent  of  nrnDganese.  Hie 
gangue  is  quartz.  By  tlie  ordinary  metliod  of  concentratton  onlj  the 
galena  could  \m  separatedp  With  the  Wethenll  separator,  however, » 
blende  with  42  to  46  per  cent,  was  obtained,  whilst  tb©  spathic  vim 
ore  contained  only  1  to  3  per  cent  of  zinc.  Three  Wether  111  machioei 
have  now  been  installed.  The  tension  ie  65  Yolts,  aud  the  ma^eU 
work  with  a  current  of  5  to  8  and  12  to  16  amperea  With  eight  B»»i:n 
5  to  3|  tons  of  ore  are  treated  hourly  at  a  cost  of  Is.  5d.  per  totu 

Two  papers  on  the  concentration  of  iron  ores  were  read  at  a  rt^c^ti^ 
meeting  of  the  Swedifh  Society  of  Engineers.     In  the  fintp  K.  Huld^| 
described  the  concentration  of  red  haematite  at  Naeverhaugen  in  Norwij, 
Tho  ore^  containing  40  to  60  per  cent,  of  iron,  is  com  minuted  in  i 
Grondal  mill  and  sorted  in  trommels  after  the  prelim^inary  breaking 
has  been   eifected   iJi  a  Gates  e  tone -breaker.     In    the   second   pajier 
G.    Grondal    describes   the    magnetic    concentration   of    iron  ore  it^ 
Pitkarauta  in  Finland.!  fl 

K.  Winge  gives  the  results  of  a  microscopic  examination  of  some  of 
the  poorer  iron  ores  of  Sweden,  with  a  view  to  ascertain  their  auitahility 
for  concentration  processes,! 

The  present  condition  of  the  concentration  of  iron  ore  ii  deacribad 
by  F,  G,  Stridfiberg.  |  He  describes  tlie  briquettiug  of  iron  or»s  in 
Finland.  These  average  22  to  32  per  cent  of  iron^  and  eonsi«b  of 
very  hard,  tongh  serpentine,  containing  magnetite  and  sulphides. 
Three  tons  of  thig  makes  a  ton  of  ore  slimes,  containing  61  per  cent 
of  iron.  The  briquetting  machine  was  made  at  Dors  ten  in  Westphalu 
arid  cost  £500*  The  ore  is  passed  through  three  Blake  cnisher^  and 
then  passes  to  eight  Grondal  ball  mills,  working  continuously,  the  fioft 
ore  being  charged  in  at  one  point,  and  discharged  with  the  wa 
water  at  another.  From  this  crashing  plant  the  slimes  go  to  ajglli 
Grondal  magnetic  separator^j  and  from  these  the  concentrates 
to  the  briq netting  machines^     The  blast-furnace  is  about  52  feet  high 


t  Tdtnitk  Ti^Uhtifi,  voL  xixL  pp*  39,  B8. 

g  j€t*ifO£m\t^ittgAn't\altr^  vol,  IyI  iip»  1-27- 


Ibid*^  voK  xxxi.  fip.  50-63^ 
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mnn  0  feet  10  inches  in  diameter  at  the  boshes.  After  leaving  tfia 
briquetting  pressed  the  ore  briquettes  are  extremely  friable.  They 
are  then  burnt,  and  afterwards  becoiiie  so  hard  that  they  can  be 
allowed  to  fall  for  several  yards  without  breaking,  and  when  they 
do  break  they  only  form  three  or  four  pieces.  No  binding  agent  is 
employed  J  the  right  proportion  of  coane  and  fine  ore  being  all  that 
is  necessary.  A  special  form  of  furnace  is  used  for  burning  these 
briquettes.  It  is  capable  of  burning  up  to  70  tons  a  day,  Tbe  ore 
ftUmes  contain  0-524  per  canL  of  sulphur,  and  as  the  pig  iron  made 
only  contains  0*035  per  cent,  a  large  proportion  of  the  sulphur  was 
evidently  eliminated  by  the  briquetti ng  process*  The  slime  from  the 
separators  contained  11  to  12  per  cent,  of  iron,  2  to  $  being  magnetite, 
and  the  rest  silicate* 

E,  Langguth*  considers  that  the  currents  used  in  the  electro- 
magnetic separation  of  are  must  have  as  low  an  intensity  and  as 
great  a  density  as  possible,  that  is  to  sa}^  intense  magnetic  lields, 
Tbe  ore  must  be  passed  before  the  separating'  poles  steadily  and  at  as 
little  distance  as  possible,  and  the  rate  of  speed  at  whicli  this  is  done 
must  depend  on  the  magnetisability  of  the  ore  particles.  Finally,  the 
separation  must  bo  effected  in  homogeneous  magnetic  fields. 

It  is  stated  that  experiments  are  being  ma^le  with  magnetic  separa- 
tors for  the  fine  ore  screened  out  from  the  run  of  the  mine  taken  from 
the  "Old  Bed"  at  Port  Henry,  New  York.  The  fines  are  to  be 
crushed  and  concentrated  to  raise  the  iron  contents.  The  tailings  are 
to  be  treated  to  obtain  a  product  rich  in  phosphorus.  It  is  expected 
to  bring  the  ore  within  the  Bessemer  limits.! 


Briq,uettiBg  Pine  Ore* — H.  S.  Mould  J  refers  to  the  advantages 
which  might  accrue  from  drying  and  briquetting  the  fine  ore  from  the 
Mesabi  district,  and  shows  that  some  advance  has  been  made  in  the 
use  of  pre'^ses  for  the  production  of  briquettes  made  from  fine  ore, 
magnetic  concentrates,  and  flue  dust»  The  earlier  forms  of  the  presses 
designed  by  B,  C,  White  for  these  uses  somewhat  resembled  mortar 
pan  mills  for  mixing  the  ore,  and  the  binding  agent  consisted  of  lime 
slurry.  A  horizontal  disc  with  two  rows  of  holes  worked  through  the 
side  of  the  pan,  and  the  holes  were  filled  with  the  mixture,  which 
was  subsequently  compressed  by  plungers  and  ejected  on  to  a  travel- 


SeiUehriff  fUr  EltUrGeh^mie,  vol  vl   p,   500 ;    Oeattmkkimke  ZtitMChH/i  fUr 
^if*  Uf%d  Hi^tif\iit?titn^  vol.  xItiiI,  p.  &8S. 
t  Iron  Ape,  December  6,  1900,  p.  33. 
X  Amei'ic^m  Mant^act avert  ^^^'  Ixriiu  pp,  &5-7St 
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ling  belt.  In  the  latest  form  a  horizontal  reciprocating  multiple  plang 
press  is  employed.  The  plungers  work  through  a  feed-box  into  tl 
moulds,  and  the  feed-box  is  also  movable,  to  give  an  independent  moti 
under  the  hopper.  Machines  may  be  built  to  turn  out  150  briqueti 
per  minute,  each  3|  inches  in  diameter  and  2^  to  2^  inches  in  thi< 
ness,  weighing  2 J  to  3  lbs.  each.  Two  mixers  for  lime  and  water : 
worked  alternately,  and  there  is  an  automatic  feed  for  the  ore  ii 
the  main  mixer.  Numerous  illustrations  are  given,  and  elsewhere 
illustrated  account  of  one  of  the  pan  types  of  press  is  also  given.* 


lY.— METALLURGICAL  PREPARATION. 

Oalcining  Hungarian  Ores. — A.  Edvi-Ill^s  t  gives  the  followi 
comparative  analyses  of  the  Rudobdnya  limonite  ore  in  its  calcin 
and  raw  states : — 


I  Ferric  oxide 

I  Silica     . 

I  Alumina 
Mauganous  oxide  , 

I  Lime 

!  ISIagnesia 
Cui)rous  oxido 
riioKphoric  acid 
Barium  sulphate   , 


Iron 
Manganese 


Raw  Ore. 

Calcined  Ore. 

1     Per  Cent. 

Per  Cent. 

1         68-57 

70-03 

1010 

10-72 

1           2-24 

2-25 

1           403 

3-91 

1-40 

1-15 

102 

0-73 

Oil 

009 

000 

0-07 

3-44 

4-01 

48-0*) 

49-43 

1           2  91 

1 

2-82 

At  a  number  of  other  mines  the  ore  is  first  submitted  to  calcinatl 
before  being  charged  into  the  blast-furnace,  spathic  ore  being  fi 
quently  mined.  This  occurs,  for  instance,  at  the  Dobsina,  Bin( 
Zakdrfalva,  and  other  mines.  Both  shaft  kilns  and  reverberato 
furnaces  are  used  for  the  calcination.  The  calcined  spathic  ore  frc 
Klippberg  contains  62-17  per  cent,  of  iron  and  11*61  of  magnesia,  a] 
that  of  Zahura  49  93  of  iron  and  8*5  of  magnesia.  The  other  cc 
stituents  are  also  given. 

•  Iron  Age,  December  20,  1900,  pp.  7-8. 

t  L' Industrie  det  Mines  de  Fer  €$  ffauU  FourmatM  d$  ffongrU  .*  Bvdap«it|  19 
p.  58,  kQ, 
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FirebriclL — Gr,  D.  Rice*  describes  the  mannfactiire  of  firebricks 
in  the  Philippines^  whera  large  liepodta  of  fireclay  occar.  The  clay  ia 
seasoned,  ground^  and  motilded  in  wooden  mouldsp  bul  the  appliances 
used  are,  as  a  rule,  extremely  crudeu 

Some  Iowa  Dolomites*— N,  Knight  f  gives  th©  following  results 
of  analyses  of  dolotnite  from  Iowa  ; — 


C*00* 

MgCO, 

FeiOg  and 

SiOa 

L 

T8T5 

B(M6 

010 

0-4 

tl. 

58 '2 

S95 

0^ 

1-2 

IIL 

56-4 

43M1 

07 

0*4 

IV, 

54  02 

44  73 

061 

OH 

V, 

53  61 

43-89 

0-52 

19 

VI, 

55'3 

4^0 

1-4 

0'6 

TIL 

6576 

43  S5 

0:26 

01 

L    Rochwtar.      II*    Bieler'i  Quarry,   Ced&r  County,   Iowa,      IIL   Bider'a  Qunrry. 
|1T,  Motiut  Vernon*     V*  PaliaadeSj  Cfidar  Biver,     VI.  Lime  City  Quftrrioi,     VI L  Umk 

Mftgnesite. — The  true  magnetite  which  is  met  with  on  the  island 
of  Euhoea  is  the  purest  that  has  yet  been  found.  It  contains  up  to 
91)  per  ceut*  of  magnesium  cirbonate.  According  to  E,  SchmatoUa,! 
there  are  now  two  eompanit^s  on  tins  island  that  raise  and  export 
this  substance,  one  Greek  and  the  other  English.  The  matrix 
of  the  magneaite  is  serpentine,  which  occurs  aa  bill  ranges  on  the 
island.  The  Greek  company  exports  the  magnesile  from  the  small 
port  of  Katunia,  both  in  its  raw  and  calcined  forms*  Up  to  quite 
recently  only  very  primitive  forms  of  kilns  were  in  use,  and  thesa 
were  heated  with  wood*     Much  wood  was  required,  and  although  a 

•  American  Jfonw/a^uttri  to!.  IxTiiL  pp,  74-fS. 

t  American  Jourttal  of  Seimoi^  roL  xi*  p.  244. 

t  Siahi  und  Miimt  trd*  xx.  106£*10fl€  ^  two  iUiatnitlofii* 
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satisfactory  lignite  occurs  on  the  island,  it  was  not  utilised,  li 
is  a  true  lignite,  showing  all  the  structure  of  wood.  The  author  has 
recently  erected  a  modern  form  of  shaft-calciuer,  illastratioDs  of 
which  are  given.  This  uses  the  lignite  above  referred  to,  and  is 
continuous  in  its  action.  Magnesite  has  the  property  of  falling  bto 
powder  at  the  least  movement  when  once  it  has  been  fully  calcined. 
The  consequence  is  that  this  change  begins  to  take  place  quite  hi^ 
up,  and  the  cooling  portion  of  the  shaft  becomes  quite  thickly  picked 
with  the  powder.  This  will  allow  no  gas  or  air  to  penetrate  it,  sod 
a  modified  form  of  calciner,  such  as  that  illustrated^  is  therefore 
necessary.  This  kiln  requires  about  16  to  20  per  cent,  of  lignite  for 
the  complete  calcination  of  the  magnesite. 

If  the  magnesite  is  in  small  pieces  it  is  best  calcined  in  a  reverbera- 
tory  furnace  having  two  hearths  one  above  the  other,  and  over  which 
the  flame  passes  directly  in  contact  with  the  magnesite,  this  being 
charged  in  on  the  upper  hearth,  and  the  calcination  completed  on 
the  lower  one.  The  pure  Euboea  magnesite  has  high  fire-resisting 
properties,  and  only  sinters  at  very  high  temperatures.  To  make 
magnesia  bricks  from  the  material  a  suitable  binding  material  is 
necessary.  The  Greek  company  makes  such  bricks  at  its  works  at 
Mantudi,  and  uses  serpentine  as  the  binding  material.  The  bricb 
produced  are  extremely  hard  and  dense,  and  are  exi>orted  for  metal- 
lurgical purposes  to  the  United  States  and  elsewhere.  The  brick  is 
burnt  at  about  the  temperature  of  the  melting-point  of  steel — say 
1400**  C.  Tlie  best  ovens  for  this  furnace  are  those  on  the  Siemens 
regenerative  principle. 

The  large  deposits  of  magnesite  that  have  been  discovered  in  the 
Ufa  government  in  the  Southern  Ural  are  stated  to  be  of  excellent 
quality  and  to  contain — 

MgO.  OaO.  Fe«03  +  Al-Os.        SiOj.  CO-. 

4«)0  0-85  1-62  0-3  51-23 

This  magnesite  is  to  be  utilised  for  magnesite  brick  manufacture,  the 
erection  of  works  near  Zlatooust  having  been  begun  in  September 
1900.* 

Graphite. — J.  F.  Kemp,t  in  discussing  the  pre-Cambrian  sediments 
in  the  Adirondacks,  refers  to  the  deposits  of  graphite  which  occur  in 

*  Communicated  by  Mr.  Sergius  Kern  {St.  Petersburg). 

t  Pri)C€€(Hngi  of  the  American  Association  for  the  Advancement  of  Science,  vol.  xlix. 
pp.  179-182. 
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that  region.  The  larger  deposits  are  limited  to  limestones  and  gneisses 
and  the  origin  of  the  graphite  is  discussed. 

F.  Griinling  *  describes  the  occurrence  of  graphite  in  Ceylon. 

H.  A.  Miers  f  summarises  the  scientific  results  derived  from  a  trip 
by  Griinling  to  Ceylon.  Griinling,  he  shows,  makes  it  clear  that  the 
graphite  always  occurs  in  typical  symmetrical  veins,  though  these 
have  been  much  crushed  and  altered  by  earth  movements  which  have 
spent  their  energy  upon  the  soft  graphite,  and  have  consequently 
spared  the  country  rock  (granulite).  Weinschenk  comes  to  the  con- 
clusion that  the  graphite  is  of  volcanic,  and  certainly  not  of  organic 
origin,  and  is  probably  due  to  the  action  of  vapours  containing  carbon ; 
he  suggests  that  carbon  dioxide  and  cyanogen  compounds  have  played 
the  chief  part  in  its  production.  Among  the  associated  minerals  it  is 
remarkable  that^  as  at  Passau,  nontronite  is  one  of  the  invariable 
decomposition  products  accompanying  the  graphite. 

T.  C.  Hopkins  I  states  that  graphite  is  now  mined  at  three  places  in 
Pennsylvania,  and  there  are  besides  several  abandoned  mines.  At 
Chester  Springs  there  are  two  veins  or  layers  of  disintegrated  mica 
schist  containing  graphite.  One  is  4  feet  and  the  other  6  feet  in 
width,  and  the  output  is  about  2  tons  daily.  At  Byre  station  a 
cruder  material  is  produced.  Near  Mertztown,  in  Northern  Berks 
comnty,  about  2  tons  daily  is  produced  from  a  lenticular  deposit  in  a 
coarse  grained  sandstone. 

♦  Zeittchrift  fUr  KryttaUograpftie,  vol.  xxxiii.  pp.  209-239. 

t  Nature,  vol.  Ixiii.  pp.  453-454. 

X  Minn  and  Minevals,  vol.  xxi.  p.  352. 
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I.— CALORIFIC  VALUE. 

Oalorimetry. — Parr*  describes  a  form  of  calorimeter  in  which 
the  powdered  fuel  is  burnt  with  sodium  peroxide.  An  allowance  hu 
to  be  made  for  the  heat  of  combination  of  the  products  of  combustioD 
with  the  caustic  oxide. 


Pyrometry. — H.  L.  Gallendarf  discusses  the  measurement  of 
extreme  temperatures,  chiefly  in  connection  with  the  attempts  made 
to  measure  the  heat  of  the  electric  arc  and  of  the  sun,  which  depend 
on  extrapolation  in  formulae  founded  on  the  melting-points  of  varioas 
bodies.  The  author  has  applied  the  method  of  the  Whcatstone  bridge 
to  transpiration  thermometry  with  some  hopes  of  success.  In  this 
system  the  rate  of  flow  of  gases  through  fine  tubes,  which  depends  on 
the  viscosity  and  the  expansion  of  the  gas,  is  observed,  and  the  rate 
of  flow  is  measured  by  balancing  it  against  flows  under  similar  resis- 
tances in  other  tubes,  exactly  on  the  principle  of  the  electric  bridge 
method. 

An  eflbrt  is  being  made  in  America  to  form  a  national  standard- 
ising bureau,  and  evidence  is  being  taken  on  the  questions  involved. 
Special  reference  was  made  to  the  calibration  of  pyrometers  for  use  in 

*  Journal  of  the  American  Chemical  Society t  ▼oL  xxii.  p.  646. 

t  Procetdinffi  of  the  Royal  Inttit^ttion  of  Great  Britain^  yoL  zri.  pp.  07-llS. 
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the  mantifacture  and  further  treatmetit  of  steel.     The  use  of  the 

pyrometer  in  determiDiiig  the  proper  temperature  to  which  a  jacket 

iiould  be  heated  for  Bhritiking  it  ou  to  a  gnu  tube  is  given  as  an 

Some  Illustrations  are  given  t  of  several  forms  of  German  pyro- 
lieteTS*  In  one  form  platinum  and  an  alloy  of  nickel  and  platinum 
re  used  to  form  the  thermo-conj^le* 
D,  S,  Jacobus  I  describes  a  Le  Chatelier  pyrometer,  in  which  any 
or  due  to  variations  in  the  resistance  of  the  platinum  and  platinum- 
'  rhodium  element  is  eliminated.  The  electromotive  force  generated  by 
the  element  is  balanced  by  counter-electromotive  force  produced  by  a 
number  of  secondary  elements  surrounded  by  steam  and  by  melting 

ice*  When  the  element  has  to  project  a  considerable  distance  into 
ihe  heated  space,  the  leads  are  protected  by  a  water-jacket. 
An  air  pyrometer  §  has  been  introduced^  with  which  it  is  possible  to 
tl9iaure  temperatures  up  to  2000**  F.  The  instrument  describes  a 
mtiunous  curve  on  a  revolving  graduated  disc,  and  is  not  affected  by 
the  fluctuations  of  the  atmospheric  pressure* 

W.  H,  Bristol  [|  describes  a  recording  pyrometer  with  a  porcelain 
air^bulb  connected  by  a  capillary  tube  to  a  Bourdon  pressure  gange 
which  has  an  automatic  recording  attachment.     The  bulb  is  partly 
^v  exhausted  of  air  so  as  to  diminish  the  risk  of  distortion  of  the  tube 
^pSB  the  pressure  rises,  and  the  pointer  is  connected  to  a  second  Bourdon 
~  tube  wound  in  the  opposite  direction  to  the  first,  so  that  alterations  in 
the  external  temperature  and  pressure  automatically  compensate  them- 
selves.    The  instrument  has  been  calibrated  up  to  2000'  F< 


Ih—COAL. 

The  Gomposition  of  Coal*— C.  A.  Seylerl!  continues  his  paper 
on  the  chemical  classification  of  coal,  and  is  of  the  opinion  that  hydrogen 
seems  to  be  more  important  than  carbon  in  determining  the  kind  of 

•  Trtm  Agt,  Jannary  3,  1901,  pp.  30-51* 
f  Iron  and  Coal  Tradet  MevieWt  toL  IxJi.  p.  442. 

t  Procredingt  of  the  AmerU^n  jt*«ociaCww  /or  the  Adfmnceme^  ofSciet%C€t  vol.  ilii. 
p.  151. 

I  SnffineeriTiff,  tdI.  Ijcxi.  pp,  150-161,  nrofl  illuatraUoni. 

II  AmDric&ti  Society  at  Mechn^mcal  Eni^rieera,  New  York  Meetmg*  throngti  Ilia 
^wineerinff  Neifft,  vol.  xUt.  p,  41L 

IT  Froe^inffM  af  the  South  Walts  Inetitute  of  EnQin^ra,  toL  sxii  pp.  103-120 
I  me  Journal  oj  ihe  Iron  and  pSted  /inli/w(f,  1900,  No.  U.  p.  429. 
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eoal,     A  scheme  for  the  classification  is  now  given,  in  which  the  pit-    1 
c^ntages  of  carbon  ami  hy«lrogen  form  the  co-ordinates.     The  cwbot 
limits  are  over  93  3,  93'3  to  91^2,  91*2  to  89*0,  S9-0  to  87*0,  87^0 1>    1 
84*0,  84-0  to  80-0,  and  80*0  to  76  0*    The  hydrogen  and  voktik  mfttUn 
form  the  other  co-ordinate  in  the  table,  and  are  as  followa : — 

Hydrogeu       .         ,     over  5  8    6'0to5'8    4*5  to  5*0    4*Olo4'5     under  4 
Tulnaio  ID  fitter      .     over  30     23   to   SO     16  to  23    10   to   16     tiikder  10 

The  diicussion  on  the  first  part  of  the  paper  iums  oa  tho  calonfe 
value  aud  other  matter- 

T.  Baker  ^  gives  the  results  of  some  experiments  on  the  solvent 
action  of  pyridine  on  certain  coals,  Some  guide  aa  to  the  cokiii| 
properties  may  be  obtained  by  experiments  in  this  direction. 

The  Formation  of  CoaL— C.  Oclisenuist  controverta  the  oon- 
elusions  arrived  at  by  Gosselet,J  who  appealed  to  the  evidence  of  levd 
as  destructive  of  the  hypothesis  of  the  origin  of  saline  waters  in  Car- 
boniferous strata  by  infiltration  from  ancient  or  modem  seas, 

B,  Kenault,  §  discuss  in  g  the  peaty  marshes  of  Falfeozoie  times,  shoui 
that  the  fermentation  of  ^ilarit  remains  at  that  remote  epoch  did  not 
necessarily  result  in  the  formation  of  ooaL 

Compressive  Strength  of  Coal — W,  Griffith  ||  hm  made  somt 
rough  tests  to  determine  the  load  that  coal  wiU  sustain  before  cnishuig* 
An  average  of  eleven  tests  gives  4 "67  tons  per  cubic  inch,  H,  Lotiti 
has  elsewhere  given  the  yield  point  at  about  200  tons  per  cubic  foeti 
and  states  that  complete  crushing  takes  place  at  400  tons*  The 
Scran  ton  Engineers'  Club  has  issued  a  circular  asking  for  co-operation 
in  a  complete  series  of  tests* 

ThO  Kent  Coalfield, — In  the  course  of  evidence  before  the  Kbg^s 
Bench}  Bi  aily  1]  states  that  he  started  the  first  bore-hole  (9-mch)  for 
coal  in  June  1886,  In  February  1890  the  first  seam  of  coal  wis 
struck.  Tiie  boring  was  subsequently  continued  until  July  1891 
The  number  of  coal  seams  met  with  was  ten.    Of  tliese,  three  were 

■  •  TransaHiont  of  the  InttiiUtion  ttf  Mining  Enginttrt,  vuL  xx.  p|»,  159-1^ 

I  t  ZkUscftrifl  fUr  piaktii^f  Gtitl^yjie,  vah  ix*  pp.  11^20. 

I  X  F»per  re*il  before  tlie  Initimattoiml  Geological  CoogrcUf  F^ru,  1900.       i 

I  %  BuUrtin  dH  ^fH$clim  d'ffi§tmi^  Naiurtlht  I'JOO,  pp.  44^  4a,  302.                ^M 

I  \\Minf%  and  MitK^nilij  vol.  xx.  p,  451  ;  voj.  xxl  p.  VX                                 ^^M 

m  %  The  Timtt,  Febnuir;  20,  1901.                                                                      ^B 
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under  2  feet  thick,  and  the  rest  of  greater  thickness.  No  steam-coal 
had  been  found  ;  it  was  all  house  or  gas  coal.  There  were  indications 
that  more  coal  existed  below  the  deepest  point  reached  in  the  bore-hole. 
The  lowest  seam  struck  was  found  at  a  depth  of  2200  feet.  The  seam 
atrack  at  a  depth  of  1763  feet  was  2  feet  9  inches  in  thickness,  and 
was  as  good  as  Welsh  coal.  Three  shafts  were  in  progress,  one  being 
937  feet  deep.  At  a  depth  of  590  feet  a  seam  of  workable  iron  are 
was  found  15  feet  in  thickness. 

Goal  in  Shropshire. — W.  Shone  ^  discusses  the  unconformity  of 
the  Upper  Eed  coal  measures  to  the  Middle  Grey  coal  measures  of  the 
Shropshire  coalfields,  and  its  bearing  upon  the  extension  of  the  latter 
under  the  Triassic  rocks.  The  Upper  Eed  measures  have  a  much  greater 
extension  in  the  Shropshire  coalfields  than  the  productive  measures 
below.  In  the  Shrewsbury  field  they  are  the  only  Carboniferous  rocks 
present^  and  they  rest  on  pre>Carboniferous  rocks. 

Coal  in  Staffordshire. — W.  Gibson  t  discusses  the  upper  coal 
measures  surrounding  the  margins  of  the  North  Staffordshire  coal- 
field and  their  bearing  on  the  extension  of  the  coalfield  to  the  west. 

The  position  of  the  Permo-Carboniferous  boundary  as  affecting  the 
knowledge  gained  from  the  Sealand  and  Thurgarton  bore-holes  is  dis- 
cussed by  W.  J.  Clarke.  J 

OobI  in  Yorkshire. — H.  T.  Foster  §  gives  some  notes  on  the 
geologjr  of  the  Thomcliffe  district  in  South  Yorkshire,  with  many 
sections  of  the  seams  and  adjacent  strata, 

T..  Ashley  II  gives  a  detailed  account  with  plans  and  sections  of  the 
Adwalton  stone  coal  and  the  Halifax  hard  bed  coal,  and  deals  with 
their  origin. 

L.  B.  Wells  H  gives  a  section  of  the  strata  above  the  Barnsley  coal 
through  in  the  bore-hole  at  South  Carr  in  Lincolnshire. 


'   Goal  in  Scotland. — K.  W.  Dron  ♦♦  gives  some  notes  on  the  geo- 
logical  formation  of  the  Carboniferous  limestone  series,  with  especial 

*  Quarterly  Journal  of  the  Geological  Society ^  vol.  Ivii.  pp.  86-95. 
f  Traruactiont  of  the  Institution  of  Mining  Engineers,  vol.  xx.  pp.  73,  78,  111,  115. 
X  Paper  read  before  the  Cheater  Society  of  Natural  Science,  March  28,  1901. 
§  Journal  of  the  British  Society  of  Mining  Students,  vol.  xxili.  pp.  68-77. 
II  Paper  read  before  the  Yorkshire  Geological  and  Polytechnic  Society,  November 
1900 ;  Iron  and  Coal  Trades  Review,  vol.  Ixi.  p.  994. 
H  2Vaiwaet«<m«  of  the  Manchester  Geological  Society,  vol.  xxvii.  pp.  57-04. 
••  Paper  read  before  the  Qeological  Society  of  Glasgow,  January  1901. 
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attetitioQ  to   th«   fact  that  about  a  quarter  of  the  coal  stiU  to 
worked  iu  Scotland  Uea  in  the  coneeaJed  portions  of  these  strata.    Tfe 
varioui  districts  are  coDsid^red. 


J 


Coal  in  Ireland* — A  recent  report  of  the  Cork  Chamber 
Commerce  includes  some  remarka  ou  the  future  of  the  Irish 
Industry^  with  especial  reference  to  the  railway  facilities ;  bat  li  ii 
considered  that  the  outlook  is  not  promising  in  view  of  the  depth  of 
the  collieries  and  the  position  of  the  railway  companies,* 

Coal  in  Austria, — Julius  Sauer  f  describes  the  BosstU  co^lGdd  if 
Voravia,  The  main  seam  are  raged  4  yards  in  thickness.  Hit 
deepest  shaft  in  the  field  is  the  Julius  pi(^  which  Is  490  yards  in 
depth*  Last  year  2628  miners  were  employed.  For  the  past  t^ii 
years  the  nine-hour  shift  from  bank  to  bank  had  been  adopted  Tk 
output  last  year  was  449,9^6  tons^  or  171'2  tons  per  miner.  Tk 
average  annual  output  per  miner  was^ 


1885-01       ......     ia&'5iotu  {12  hours  «hiflK 

1892-90       ......    lTB^to!]s(9houni]iiriK 


So  hie  X   gives  a  geological   description  of  the   neiglibourhood 
Semil,  Btarkenbach,  and  Leibstadtl,  in  Bohemia,  with  special  lefertaoi 
to  the  eoal  met  with  at  the  last*uamed  locality. 


I 


Coal  Ib  France* — ^A  detailed  study  of  the  Decazeville  coalfielJ, 

Aveyron,  has  been  published  by  Bergeron,^  Jardel,  and  PicandeL 

A  descriptive  account  of  the  Bess^ges  Collieries  in  France  has  been 
published.lt  The  area  of  the  coalfield  worked  by  the  Company  ei* 
tends  over  7250  acres,  and  is  divided  into  two  distinct  centres  of 
working,  which  are  known  as  the  Bess^ges  and  tbe  Moli^res  divisioae. 
Recent  explorations  have  disclosed  in  tlie  former  division  a  fresh 
group  of  workable  seame^  two  of  which  are  already  proved.  The  cod 
yields  a  good  blast-furnace  coke  when  treated  in  the  Coppce  oveas, 
although  containing  only  18  per  cent  of  volatile  matter  against  2S  per 
cent,  in  the  old  Besseges  group*  The  MoliJre  division  yields  bttuiai^ 
nous  coal,  but  as  at  Bess^ges^  ou  proceeding  southwards  the  volatile 

*  Oli^r  MftiTfiii  7,  1901- 

J  Moi/ttan  MtiUinff^  voL  viii*  pp,  115-1  IT* 

g  BitlUtin  dt  la  Soe^4t4  Gttdoffique  de  Frainre,  voL  xiviiL  pp.  7L&^74S. 

A  Caiiiery  Quttrdiam^  roL  U»c  pp.  1368-13119* 
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atter  diminishes,  and  it  becomes  necessary  to  enrich  with  bituminous 
coal  the  coal  intended  for  coking.     These  two  divisions  have  recently 

en  coniiected  by  a  cross-measure  drift,  over  3  miles  long,  at  a  deptli 
of  about  430  feet  below  gea-IeveL  It  was  supposed  that  a  series  of 
sterile  seams  lay  between  the  two  main  groups  of  workable  seams,  and 
the  drift  was  made  partly  with  the  object  of  ascertaiuing  the  truth  of 
this  supposition*  Driven  from  one  side  only,  the  work  occupied  much 
time,  but  it  resulted,  first,  in  revealing  the  presence  of  the  new  seams 
at  Bessfeges,  and  secondly,  in  approaching  Moliferes,  in  the  discovery  of 
a  number  of  non-bituminous  seams  of  from  2  to  4  feat  In  thickness, 
eight  of  which  wilt  be  worked  to  advantage.  A  full  descriptioa  of  the 
colliery  plant  and  winding  arrangements  is  given. 

The  Roc  he- la- Molt  fere  et  Firminy  Company  *  has  a  concession  which 
occupies  the  western  portion  of  the  Loire  coal&old,  extending  6^  miles 
from  north  to  south j  with  a  mean  width  of  3  miles  east  and  west* 
It  contains  all  the  seams  of  the  lower,  middle,  and  upper  Saiut-Etienne 
group,  as  defined  by  Grnner.  In  the  Roche-la-Moliire  district  the 
Simeon  seam  has  been  proved  over  an  extent  of  C50  yards,  and  has  a 
mean  thickness  of  19  feet,  and  other  seams  have  proved  to  be  almost 
equally  extensive.  A  model  of  the  workings  In  the  main  seam  in 
the  Malafolie  district  was  exhibited.  The  samples  of  coal  showed 
that  almost  all  varieties  are  being  worked,  from  semi-bituminousj  with 
16  per  cent  volatile  matter,  to  long  flame  bitnminous  containing  38  per 
cent  of  gaseous  constituents.  The  coals  of  La  Malafolie  are  equal  to 
the  best  gas^coal,  and  are  much  in  request  for  house  purposes.  The 
total  output  In  18D9  was  927,148  tons,  against  907,309  tons  in  1898* 

Babu  t  gives  analyses  of  lignites  from  Is  ere,  and  from  Yogi  ana  in 
Savoy ;  and  of  coal  from  Saint- Eloi,  Puynle^Dome ;  from  Allevard, 

fere  ]  and  from  Langeac,  Haute-Loire,  Anthracite  from  Savoy  was 
found  to  yield — 
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Coal  in  Germany.— Middelschulte  |  discussei  tlie  geology  of  the 
Euhr  coalfield. 

Hokapfel  §  shows  how  coaUbearing  strata  occur  In  the  dips  of  the 
Variscite  ranges.     Between  the  deposits  of  Osnabriick  and  lUenbUren 

t*  The  Cotlieru  Otiardmn^  toL  lijtx.  pji.  12B3-1254. 
f  Annals  dea  MintM,  vuh  Jtviu.  pp,  4t)U-4&7. 
t  tiiiickmif,  voL  xxjivii.  pp.  HO  1-305. 
i  ^'aturwiuemchaJUkke  W oQHenschri/i,  JmitiAry  6,  1901, 
-i, 
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and  the  coal-beds  in  the  Ruhr  Valley,  those  near  Aix  and  the  buin  oC 
Belgium  and  Northern  France,  a  distinct  connection  is  traceable,  but 
none  can  be  found  to  exist  between  the  Kuhr  district  and  the  coal- 
fields of  Upper  Silesia.  The  small  inland  coal-basins  would  appear  to 
be  of  local  origin. 

K.  Baumgartner  *  describes  some  peculiar  pressure  effectSi  so-called 
"  pillar  shots,"  observed  at  the  Hausham  colliery  in  the  Upper  Bavarian 
coal-basin.  The  faults,  too,  that  occur  in  this  coal-basin  are  also  dealt 
with  in  detail. 

Goal  in  Hungary. — In  the  history  of  mining,!  Hungary  takes  a 
prominent  place  among  the  countries  of  Europe.  It  may  be  considered 
as  the  classic  land  of  mining,  inasmuch  as  traces  of  a  metalloigical 
industry  dating  back  to  a  remote  antiquity  are  found.  The  coal  in- 
dustry has,  however,  practically  no  past^  though  undoubtedly  the 
mineral  has  been  known  in  Hungary,  as  in  Western  Europe,  for 
centuries.  It  was  found  here  and  there  by  those  engaged  in  gold- 
mining,  but  it  remained  unused,  as  the  vast  forests  supplied  all  the 
fuel  needed,  and  it  was  only  after  the  forests  were  devastated  that 
the  want  of  coal  began  to  be  felt  Towards  the  middle  of  the 
eighteenth  century  a  smith,  who  had  become  familiar  with  the  use  of 
coal  abroad,  discovered  the  beds  of  coal  at  the  Brennberg,  and  from 
that  time  the  deposits  have  been  worked ;  but  it  was  not  until  the 
inauguration  of  steam  navigation  on  the  Danube  that  the  industry  was 
developed  on  a  large  scale.  The  discovery  of  other  important  coal- 
beds  then  followed,  and,  thanks  to  careful  geological  surveys,  practi- 
cally all  likely  localities  for  coal  are  now  known.  About  fifty  years 
ago  the  idea  of  working  coal  was  still  a  novelty.  A  few  brown  coal 
deposits  were  worked,  as  well  as  some  of  the  Liassic  coal-beds,  to  supply 
the  steamers  plying  on  the  Danube.  Little  was  written  in  English 
on  the  progress  of  the  industry  until  1886,  when  Bennett  H.  Brough 
read  a  paj>er  on  the  su\)jt'ct  before  the  Society  of  Arts.  The  Exhibition 
at  Budapest  in  1896  led  to  further  publications  on  the  mining  industries 
of  the  country,  but  it  was  not  until  1900,  at  the  Paris  Exhibition, 
that  the  kingdom  of  Hungary  was  adequately  represented  among  the 
countries  that  displayed  their  mining  and  metallurgical  products. 
The  annual  output  of  coal  and  brown  coal  now  exceeds  5f  million  tons. 

•  Oestcvrcichischc  Zdtgrhrlft  fiir  Berg-  nud  Iliittentccsen,  vol.  xlviiL  pp.  461-41)6, 
476-482,  480-403.  witli  two  Rlieets  of  illustrations, 
f  C»l  i'.ry  (Juardian^  vol.  Ixxxi.  p.  71. 
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'he  conacmption  of  brown  coal  has  increased  much  more  rapidly 
lian  that  of  coal,  owing  to  the  fact  tliat  the  deposits  of  the  former  are 
io  much  more  extensive  than  the  coal  seams*     The  production  of  coal 

has  not  bitlrerto  kept  pace  with  tlie  increasing  demand,  consequently 

the  extraction  of  coal  in  that  country  has  a  promising  futiire. 

An  extensive  coalfield  has  been  discovered  in  the  Banat  mountains^ 

in  Southern  Hungary*     The  coal  is  of  Liassic  age  and  authracitic  in 

character.* 

Coal  in  RoUiaania* — Coal  is  oT  frequent  occurrence  in  Roumaiiia* 

According  to  R  Poni,t  anthracite  containing  88  to  90  per  cent,  of 
fixed  carbon  is  worked  at  Scliela  in  the  Gorjia  district,  Juraasic  coal 
occurs  in  the  Dtmbovitza  district,  whilst  lignite  is  being  mined  at  a 
B amber  of  localities. 

Coal  in  Russia* — E.  Ladofff  describes  tlie  recently  discovered 
coal  seams  at  Tkwartschali  in  the  Caucasus.  They  are  in  the  province 
of  Kutais,  some  thirty-five  miles  from  the  sea  co^ist.  It  is  a  very 
mountainous  district,  through  which  run  several  rivers  in  deep-cut 
beds.  The  chief  of  these  is  the  Galisga^  into  which  flow  a  large  num- 
ber of  tributaries.  There  are  numerous  waterfalls,  and  the  country  is 
thickly  wooded.  The  first  seam  noticed  was  about  2^5  feet  In  thick- 
ness, and  two  others^  one  7  feet  and  one  of  1 4  feet  thiekj  Imve  since 
been  found-  The  new  coal  district  has  an  area  of  about  eighty  square 
miieSj  but  it  has  so  far  been  very  Httle  investigated.  The  coal  is  found 
In  sandstones,  high  in  alumina  contents.  These  occasionally  pass  into 
flchist,  and  are  covered  by  conglomerate*  Faults  are  of  common  occur- 
rence. Owing  to  the  deeply-cut  river  gorges,  the  seams  of  coal  are 
found  to  outcrop  in  zfiany  places*  The  author  mentions  three  seams 
of  the  thicknesses  already  given.  These  are  on  the  Araschra  and 
Mokaguara^  The  ash  contents  is  very  variable.  The  coai  is  of  good 
quality  and  cokes  well,  even  coal  containing  as  much  as  33  per  cent  of 
ash  yielding  a  readily  coherent  coke.  In  order  to  open  up  these  de- 
posits a  line  of  railway  to  the  harbour  of  Otschemtschiri  is  necessary. 
It  would  not  be  an  easy  matter  to  build  this  railway,  however,  and 
perhaps  an  electric  line  or  a  wire  ropeway  woulti  be  the  better  way  to 
open  up  these  deposits,  to  the  future  of  which  the  author  looks  hope* 

*  Monlan  EeiUing,  vol.  ri\.  i%  558. 

t  Amt^Mtra  Sf*itnt}jiqufa  d4  I'UnittrtiU  dc  Jasfp^  1000,  pp.  15-148. 

X  Oct*frr«cAim-Af  ^citsthrifl  fkt  Mtrg-  xtmi  SMiten^iSUen,  \o\.  lUx.  pp.  173-174. 
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fully  forward.      The  coilI  seama  occur  at  an  eleymtioii  of  about  15^0 
feet  above  sea  level. 

F.  F,  Kleya*  giv«?«  further  details  as  to  the  coal  depostU  m  the 
Island  of  Baghulieu  (Sachalln).  Mention  of  these  coal  deposits  vn 
made  in  the  last  centurj.  Thus  the  French  navigator  LaperoQi« 
meutions  that  in  July  1787  he  observed  rounded  pieees  of  oori  cm 
anchoring  in  an  uti important  bay  on  the  southern  side  of  the  western 
shores  of  the  inland*  The  first  attempts  to  work  these  deposits  wen 
made  in  the  tiTtiea.  A  Russian  expedition  in  the  year  1852  found  two 
coal  seams,  6  feet  ihtckp  near  Cape  Jonqol^re^  while  a  few  mile?  aiiriy 
several  other  coal  seams  were  foiind  from  2  to  3  feet  in  tliickness.  In 
thia  ^id  the  next  following  years  a  few  tons  of  this  coal  was  mined  bjr 
ih«  sailors  forming  a  portion  of  the  expedition  for  their  own  use*  From 
Sept-ember  1,  1662|  cham-gauge  of  prisonerB  were  exclusively  used  m 
working  these  deposits.  Each  prisoner  waa  paid  a  certain  sum  in  monej 
At  once  for  every  pood  of  coal  he  mined.  The  system  of  minitig 
adopted  was  at  first  little  more  than  robbing,  but  the  annud  coa> 
sumption  of  the  coal  at  that  time  did  not  exceed  200,000  pooda.  Scmjd 
about  800,000  poorls  of  coal  had  accumulated  in  stock,  and  in  1864  iJl 
coaUmining  was  temporarily  stopped.  It  was  not  resumed  uiitt!  the 
second  half  of  1867.  In  186^,  800  prisoners  were  sent  to  Uie  ialaniL 
The  wages  paid  to  them  were  stopped,  and  the  mines  worke<l  sysi 
matiually  by  this  forced  unpaid  labour.  In  1871  a  mining  en^'inei 
named  Kepper  was  ordered  to  the  island,  and  from  18T1  to  1873 
he  made  a  series  of  careful  investigations  in  the  neighhourliood  ofv 
Pun  Due.  The  coal  seams  he  examined  extended  for  two  versts  alarrjM 
the  shore  and  for  some  250  fathoms  inland.  The  oo&l  ^nteoU 
amounted  to  about  111  million  poods,  of  which  some  71  million  poods 
could  be  mined.  It  may,  however,  be  safely  concluded  that  the  coal 
measures  extend  farther  into  the  interior  of  the  island.  The  coal  wai 
found  not  to  be  so  good  as  the  best  Cardiff  coal,  but  it  was  consider 
ably  better  than  the  best  Japanese  coal,  which  was  mined  at  that  time 
on  the  Island  of  Yesso.  Other  coal  seams  were  soon  afterwards  foun 
cropping  out  at  other  points  on  the  west  coast  of  Saghalien.  Especii 
notice  is  made  of  those  found  between  the  mouths  of  the  rivers  8e]j 
tunia  and  Noijassi  and  at  the  mouth  of  the  river  Mgatsch  in  Uie  Tarta 
Straits.  The  coal  output  of  the  Crown  workings  was  not  more  thai^ 
from  2000  to  4000  tons  a  year  in  the  period  1860-73,  Private 
capital  was  subsequently  utilised  for  coabmining  in  the  island,  wbili 

•  (ktterrdchiM<^hc  ZeiUchH/i /ilr  Bety*  und  Billimwe^m^  vol*  ilyUL  pp.  573-337. 
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lie  Crown  workings  were  also  increased,  ospeniaUy  since  in  1873  it 
^was  fonnd  that  the  coal  mined  was  iiiadeqnate  in  quantity  for  the  use 
of  the  Russian  fleet,  wliich  had  to  purcliase  Japanese  coal.  At  this 
date  the  coal-mining  industry  of  Japan  was  undergoing  rapid  develop* 
ment,  tbotigh  the  best  coal  was  only  obtained  from  two  seams  on  the 
Island  of  Takasiraa,  at  no  great  distance  from  Nagaaaki*  The  subse- 
quent progress  of  coal-miuing  in  Saghalien  is  traced  by  the  author  both 
historically  and  statisticaily.  The  following  is  an  analysis  of  coal  from 
Due  :— 

Hydrogen.         Oxygen  mnd  Nitrogen.         SulpKur. 
5'fiO  757  017 


83*311 


In  addition  the  coal  contained  I'Tl  per  cent  of  moisture  and  1^56  per 
cent,  of  ash.  The  coke  amounted  to  65  0  per  cent.,  and  the  coal 
yielded  8249  calories.  The  Mgat^cli  coal  contains,  in  one  instance 
quotedj  87*93  of  combustible  constituents,  10*2  of  ash,  and  1'8T  of 
water.  Comparative  practical  tests  were  made  of  the  Saghalien  coals 
as  compared  with  Cardiff  coal,  which  showed  results  greatly  in  favour 
of  the  latter*  A  mixture  of  Due  and  Mgatsch  coal  Is  stated,  however, 
to  be  only  about  10  per  cent,  worse  than  Cardiff  coal,  as  regards  con* 
sumption,  from  the  point  of  view  of  steamship  use.  Apart  from  the 
coal  consumed  on  the  island  and  that  used  by  steamers  in  filling  up 
their  bunkers,  the  e^tports  have  been  as  follows  : — 

^P     Some  short  notes  ^  on  the  coal  deposits  of  Siberia  direct  especial 

attention  to  the  deposits  of  Vladivostock,  the  island  of  Saghalien,  and 
the  Kuznetsk  basin  in  the  Tomsk  district. 

M.  Stirrup  t  in  the  course  of  a  description  of  the  Great  Siberian 
Kailway,  remarks  that  explorations  were  being  made  all  along  the 
line  of  the  railway  with  a  view  of  providing  fuel  for  the  use  of  the 
engines.     Coal  had  been  found  in  niany  places.     Some  of  the  beds 

Ir&n  md  Coal  Tradei  Ittview,  vol.  lii*  pp,  1107-ltOS, 
t  Truntaetiona  of  the  MttmhetUr  Qeol&ifie^l  Societjf^  vol,  %iLvn*  pp*  43-56, 
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were  pronounced  to  be  of  Carboniferotis  age,  and  a  good  many  of 
Jurassic  age,  whilst  lignites  had  been  found  which  were  no  doaU 
of  Tertiary  age,  some  of  these  being  of  great  thickness. 

Goal  in  Spain. — An  interesting  coalfield  is  that  of  San  Joan  do 
las  Abadesas,  in  the  Eastern  Pyrenees.  It  lies  due  north  of  Barcelona, 
with  which  it  is  connected  by  70  miles  of  railway.  According  to 
F.  Hupfeld,*  on  Silurian  slates  and  Devonian  limestones,  Garbooi- 
ferous  strata  are  deposited,  consisting  of  quartzite  and  coal  embedded 
in  shales  and  sandstones.  The  coal  is  not  of  uniform  character.  It 
is  very  brittle,  and  the  various  classes  are  mixed  and  made  into 
briquettes.  The  cost  of  working  is  high,  and  the  amount  of  coal 
available  is  not  very  great. 

Coal  in  Canada. — H.  M.  Ami  t  discusses  the  subdivisions  of  the 
Carboniferous  system  in  Eastern  Canada,  with  special  reference  to 
the  position  of  the  Union  and  Riversdale  formations  of  Nova  Scotia, 
which  are  referred  to  the  Devonian  system  by  some  Canadian 
geologists. 

E.  Gilpin,  jun.,|  gives  a  number  of  analyses  of  Canadian  coal  shown 
at  the  Paris  Exhibition. 

Coal  in  Queensland. — A  Report  on  the  Permo-Carboniferous  coal 
measures  of  Clermont,  by  B.  Dunstan,  has  been  published  by  the 
Geological  Survey  of  Queensland.  In  the  district  described  there  are 
several  tracts  of  coal  measures,  the  largest  area  exposed  being  that  of 
Blair  Athol.  There  are  also  tracts  of  granite,  of  slates  and  schists 
with  auriferous  quartz  reefs,  and  of  Devonian  and  Terdary  strata.  It 
appears  that  upwards  of  65,000  tons  of  coal  have  been  obtained  from 
the  Blair  Athol  coalfield  during  the  past  ten  years,  and  that  more 
than  seven  million  tons  of  the  best  Clermont  coal  are  still  available. 
The  coal  is  well  adapted  for  locomotives,  and  has  been  mainly  used 
for  them.  It  is  remarked  that  in  the  coal  measures  there  are  strata 
derived  from  the  auriferous  slates  and  schists,  and  that  therefore  there 
might  have  been  streams  entering  the  old  Carboniferous  lagoon,  which 
brought  gold  into  channels  now  hidden  by  more  recent  accumulations: 
hence  future  developments  may  lead  to  the  discovery  of  some  of  these 
gold-bearing  alluvial  deposits  below  the  coal  seams. 

•  ZeiUchrift  fUr  praktische  Geologies  vol.  ix.  pp.  145-146. 

t  Ttxtnsactiont  of  the  Nova  Scotia  ImtituU  of  Science^  vol.  x.  pp.  162>178. 

::  Ihid,,  pp.  248-252. 
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Goal  in  New  South  Wales. — 0.  E.  Bertrand^  describes  a  speci- 
men of  kerosene  shale  from  the  Megalong  Valley,  near  Katomba.  It 
is  a  transition  form  between  Boghead  and  cannel. 

Coal  in  Victoria. — According  to  J.  Stirling,!  there  are  three 
well-defined  coal-bearing  areas  in  Victoria — the  Gippsland  district,  the 
Cape  Otway,  and  the  Wonnan  districts — covering  an  area  of  7000 
square  miles,  and  two  distinct  classes  of  coal — the  Jurassic  black  coal 
and  the  Tertiary  brown  coals  in  the  Calloren  deposits  of  enormous 
thickness.  In  the  Wonnan  beds  several  freshwater  fossil  fishes  have 
been  found,  and  the  Gippsland  beds  contain  plants  analogous  with 
those  of  some  of  the  Indian  deposits.  The  general  character  of  the 
Victorian  Jurassic  coal  is  that  of  a  good  steaming  and  domestic  fuel. 
Average  analyses  show — 


Water. 
4  to  10 


Volatile  Matter. 
25  to  36 


Fixed  Carlwn. 
54  to  61 


Ash. 
3to8 


Several  beds  from  20  to  200  feet  in  thickness  have  been  found ;  and 
at  Morwell  a  face  70  feet  in  depth  is  being  worked  open  cast. 

Coal  in  New  Zealand. — A.  McKay  |  has  investigated  the  coal 
deposits  of  Puponga  and  Pakawau,  in  CoUingwood  County,  New 
Zealand.  On  West  Wanganui  Inlet  the  coal  outcrops  with  a  thick- 
ness of  7^  feet.  In  the  southern  part  of  the  district  it  is  bituminous 
and  semi-bituminous,  becoming  non-bituminous  in  the  northern  part. 

Coal  in  NataL — The  syndicate  which  is  working  the  seam  of  coal 
recently  discovered  at  Grey  town  §  are  pushing  their  work  forward. 
Analysis  shows  a  coal  which,  while  not  of  the  very  best^  possesses  the 
essential  qualities  of  a  profitable  seam.  There  are  two  seams  disclosed, 
and  four  tunnels  are  being  driven  upon  them.  The  analytical  results 
are  as  follows: — 


1 

Top  Seam. 

Bottom 
Seam.          ' 

Coal  as 
Kiiggeil 

1  Specific  gi-avity    . 
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♦  Annafea  de  la  SooieU  Oeologique  da  Nord,  Lille,  vol.  xxix.  p.  25. 
t  Imperial  InatittUe  JourtKU,  vol.  vii.  p.  15;  Colliery  Guardian ^  vol.  Ixxx.  p.  1074; 
Iron  and  Coal  Tradet  Review,  vol.  1x1.  pp.  1046-1047. 
X  Colliery  Guardian,  vol.  Ixxx.  p.  988. 
g  Timet  of  Natal ;  Mining  Journal,  vol.  Ixx.  p.  1594. 
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Coal  in  Rhodesia. — ^At  the  present  time  there  are  no  producing 
collieries  in  Rhodesia,  but  some  will  shortly  be  opened  in  the  Wankie 
and  TuH  districts.  Coal  is  also  found  on  the  southern  bank  of  the 
Zambesi,  but  the  transport  is  too  difficult  In  the  Wankie  field  % 
seam  16  feet  in  thickness  has  been  encountered  at  a  depth  of  48  feet 
in  one  place,  and  it  shows  fair  to  good  coal  In  the  Tuli  district  there 
appear  to  be  several  basins,  and  some  shafts  have  been  put  down 
striking  several  seams  up  to  3  feet  in  thickness.* 

The  report  of  the  experts  sent  out  by  the  British  South  Africa  Com- 
pany to  inquire  into  the  reported  find  of  coal  in  Rhodesia  practically 
confirms  the  original  statements  made  in  regard  to  it.  The  coalfield 
is  situated  some  180  miles  north-west  of  Bulawayo,  and  is  known  to 
extend  over  at  least  400  square  miles.  The  seams  vary  from  5  to 
16  feet  in  width,  and  as  the  coal  lies  within  40  feet  of  the  surface,  it 
will  be  worked  by  means  of  inclines  instead  of  shafts.  It  is  estimated 
that  at  least  1,500,000  tons  will  be  available  after  making  allowance 
of  20  per  cent,  for  loss.  In  so  large  an  area  the  quality  naturally 
varies,  but  it  is  stated  that  the  coal  is  better  than  that  now  in 
use  in  the  Transvaal,  Natal,  and  Cape  Colony,  and  in  some  cases  com- 
pares favourably  with  the  best  Welsh  coal.  •  In  view  of  the  confirma- 
tion of  the  value  of  the  discovery  it  has  been  decided  to  take  the  Cape 
to  Cairo  railroad  through  the  centre  of  the  coalfields  and  on  to 
Victoria  Falls.  The  survey  of  this  line  is  almost  completed,  and  the 
commencement  of  the  work  of  construction  has  only  awaited  the  con- 
firmation of  the  value  and  extent  of  the  coal  deposits.! 

Coal  in  Trinidad. — It  is  stated  that  considerable  deposits  of  coal 
exist  in  the  island  of  Trinidad,  and  that  they  are  of  excellent  quality. 
In  the  Piparo  Valley  three  seams  2,  4,  and  6  feet  in  thickness  have 
been  found  within  a  depth  of  40  feet.  San  Fernando,  the  second  port 
in  the  island,  is  not  far  from  the  coal  district.! 

Coal  in  the  United  States. — In  an  elaborate  paper  read  before 
the  Geological  Society  of  America,  C.  R.  Keyes§  discusses  the  un- 
conformity at  the  base  of  the  coal  metisures  in  the  United  States,  and 
the  thickness  and  correlation  of  the  measures  in  the  different  States. 

*  Iron  and  Coal  Tradts  Jirricic,  vol.  Ixi.  p.  936. 

t  Mim'iuj  Journaly  vol.  Ixx.  ]».  1480. 

t  Vaughan's  Wetkly,  December  15,  1900,  through  tlie  Engineer,  vol.  xci.  p.  43. 

§  Engineering  and  Mining  Journal^  vol.  Ixxi.  p.  50. 
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C*  Scholz*  discusaes  the  questions  railed  by  C,  Cafclett  t  of  tlio  thick- 
aesa  of  Uie  aeam  in  relation  to  that  of  iu  outcrop,  ami  shows  how  the 
Ihicknesa  varies,  and  how  requieite  it  is  to  use  all  means  of  exploratioa 
to  determine  the  value. 

Coal  in  Alaska. — W,  Packard  J  refers  to  the  outcrops  of  coal  on 
the  coast  of  Alaska,  especially  near  Cape  Lishurn  and  Cape  Sabine. 
.Many  of  them  are  large,  and  in  one  case  formed  a  ridge  60  feet  wide. 

Goal  IB  New  Mexico. — A.  Lakes  §  gives  a  short  account  of  the 
Cerrillofi  Colliery  in  New  Mexico,  where  there  is  a  4^  foot  seam  of 
bituminous  coal,  and  50  to  75  feet  below  is  another  seam  3|  to  4  feet 
in  thickness  of  anthracit**,  overlain  by  intrusive  porphyrite»  The 
author  also  adds  some  notes  on  the  coahbearing  country  Viet  ween 
Laguna  and  Cuavez  Mesa« 

Goal  in  Ohio* — C.  S.  Prosser||  reviews  the  el assifi cation  of  the 
Coal  measures  in  Ohio,  giving  those  which  have  been  adopted  by 
various  authorities,  and  proposing  the  names  of  Diinkard,  Monon- 
gabela,  Conemaugh,  and  AUeghauy  for  the  alternate  barren  and  pro- 
ductive upper  and  lower  measures^ 


Coal  ijl  Pennsylvania,  —  Twenty-five  years  is  the  limit  often 
given  to  the  proiiucitig  power  of  the  Connailsville  coke  district,  but 
this  is  probably  ti>o  large  an  estimate  in  view  of  the  present  great 
increase  uf  output.H  A  second  seam  exists  below  the  9 -foot  seam  now 
worked,  and  it  may  enable  the  ovens  to  draw  on  a  further  supply. 
Much  coke  breeze  has  been  piled  in  waste  heaps  througljout  the  dis- 
trict, and  will  be  more  extensively  utilised  in  the  future.  W,  G, 
Irwin  **  notes  that  the  coal  basiu  in  Greene  County,  in  the  south-west 
of  Pennsylvania,  has  not  been  worked  owing  to  lack  of  railway 
facilities,  but  is  now  being  opened  up.  The  same  statements  also 
apply  to  the  Klondyke  field  in  Fayette  County, 
I      Some  statistics  of  the  Pennsylvania  district  liave  appeared  showing 

*  Trantactiont  of  the  Affteriean  Imiitute  of  Mining  EnffinccrSf  Eichmotid  Meetiiig, 
Februarj  1901. 
f  Jimmal  of  the  Iron  and  Sted  InMiituti:,  1900,  No,  II.  in  439, 
t  Kew  York  Evcninp  Pott;  Coifirrjf  Gutrdianf  Tol.  kix.  p.  1151. 
I  Minet  ttnd  MinfrtilB^  toL  ixi*  pp*  341-342,  37i5"376. 
t|  A.merw4in  jQumal  o/Sbtenof,  voL  xU  pp.  191-199. 
TT  En^in^^ng  ttnd  Mining  Journal ,  tpI,  U*.  p.  339.  •*  JW<t,  pp.  339^  fil9. 
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that  of  the  54  million  tons  of  anthracite  produced,*  88*7  per  cent  wu 
shipped,  9*2  per  cent  used  at  the  mines,  and  2*1  per  centb  sold  at  tb« 
mines.  There  were  979  pumps  at  work  raising  12'1  tons  of  water  per 
ton  of  coal.  At  the  collieries  there  were  140,583  workmen,  prodndng 
440  to  310  tons,  or  an  average  of  384  tons  per  year  each. 

D.  White  t  discusses  the  age  of  the  coal  at  Tiptou,  Blair  County, 
Pennsylvania. 

Coal  in  Rhode  Island.— N.  S.  Shaler  X  has  prepared  a  report  on 
the  geology  of  the  Narragansett  basin,  giving  much  information  on 
the  economic  resources  of  the  district  The  coal-beds  of  the  Carboni- 
ferous series  are  the  most  import^nt^  but  none  of  them  have  been 
worked  for  many  years.  As  to  the  best  places  for  future  exploration, 
it  is  recommended  that  the  beds  should  be  sought  in  the  central  parts 
of  the  synclines.  The  coal  formerly  raised  at  the  Portsmonth  mine, 
Khode  Island,  yielded  10*47  per  cent  of  moisture,  5*83  per  cent  of 
volatile  constituents,  66*95  per  cent  of  carbon,  and  17*05  per  cent 
of  ash. 

Coal  in  the    Philippines. — Since    the  practical    conclosion  of 

hostilities  in  the  Philippines  a  mining  bureau  has  been  established  at 
Manila,  by  which  mining  papers  are  cleared  and  titles  to  lands  sought 
out ;  and  a  great  movement  is  now  in  progress  towards  the  develop- 
ment of  the  coal-beds  in  the  southern  section  of  the  Archipelago.§  In 
most  cases  the  deposits  have  been  discovered  by  miners  who  were  pros- 
pecting for  gold,  silver,  and  other  valuable  deposits  known  to  exist 
in  the  islands.  Two  great  belts  of  coal  have  been  traced,  extending 
through  the  whole  group,  south-west  and  north-east ;  in  the  island  of 
Bataan,  in  particular,  extensive  beds  of  good  grade  have  been  found, 
and  are  already  partially  developed.  Since  1827  coal  has  been  worked 
by  the  natives,  but  the  lawlessness  of  the  country  prevented  the  estab- 
lishment of  any  adequate  mining  equipment,  and  the  mining  was  only 
conducted  with  the  crudest  instruments ;  at  some  native  mines  they 
did  not  use  a  single  metal  tool  Little  hammers  made  by  entwining 
sharp-pointed  stones  to  the  end  of  a  stick  were  employed  as  picks,  and 
barely  sufficient  coal  was  raised  to  supply  the  water-craft  plying  with 

*  ETyanft.'irrj  ,i)kI  .\f  nri ;  J^.vrna/,  t.^I.  Ui.  pp.  362-3d3. 
■''  Parser  read  Kfore  the  Geoliv^cal  S<»ciety  of  America. 

*  Tfif  C.S.  GfA'-ixra}  Swrty  AiKTut^ray-ht^  voL  xxxiiL  pp.  7-88. 
j  Iron  and  GmI  Trad(*  Bevietc,  vol.  Ixi  pp.  ISTO-iaTL 


FUEL. 


375 


freight  between  tbe  islands*  The  coal  U  said  to  be  of  better  quality 
than  either  the  AuBtralian  or  Shanghai  coak,  and  the  cost,  cora  pared 
with  the  imported  kinds,  is  of  course  much  lower;  but  owing  to  the 
bad  management  of  the  mines,  none  of  the  shipping  nor  tlie  local  in* 

|4nstries  have  ever  been  ahle  to  rely  on  a  regular  supply,  and  the  impor- 
hation  of  coal  has  continued  as  a  necessity,  Tliere  is  now  a  reasonable 
jirospect  in  the  near  future  of  tbe  full  development  of  the  natural 
iresources  of  the  islands. 
I  According  to  Gr.  D,  Eice/  tbe  largest  deposits  of  coal  found  in  the 
Philippines  are  on  the  islands  of  Cebu  and  Negros,  while  Bataan  is 
reputed  to  contain  coal  in  abundance  of  good  quality,  ^ot  much  has 
as  jei  been  done  on  tbe  other  islands.  The  chief  colliery  is  that  of  Uling* 
Uling  on  Cebu.  Apparently  tlie  coal  is  of  Tertiary  age,  and  the  seams 
are  often  much  broken  across  by  volcanic  action.  Transport  is  difiiculti 
but  labour  is  very  cheap. 

Codil  in  Mexico.— K  Ludlow  t  states  that  the  coalfields  of  Mexico 
have  not  been  developed  to  any  great  extent,  except  perhaps  at  the 
Fuente  mines,  near  Eagle  Pass,  where  lignite  is  worked*  In  the 
Sabinas  valley  some  thin  seams  are  worked,  and  there  are  120  coke 
ovens*  At  Laredo  ligtute  is  also  worked,  but  the  anthracite  in  the 
State  of  Sonora  is  too  far  from  transport  facilities  to  Le  developed. 

The  geological  formation  overlying  the  coal  deposits  in  Mexico  forms 
tbe  subject  of  an  article  published  by  R.  L.  Watson,  |  The  coal  occurs 
in  a  chalk  formation^  and  is  bitumrtious  in  character,  A  brief  descrip- 
Bliou  of  the  different  mines  is  given. 

An  account  baa  been  published  §  of  the  mines  of  the  Mexican  Coal 
and  Coke  Company  at  Las  Esperanzas,  Coahuita,  Mexico.  The  coal 
was  discovered  in  the  autumn  of  ISdS,  and  active  work  was  begun  on 
November  5,  1809,  Shipments  began  in  June  1900,  and  in  December 
of  that  year  they  reached  15^000  tons.  It  is  intended  to  push  the 
development  to  an  output  of  5000  tons  a  day.  The  coal  area  contains 
about  50s000j000  tons.  The  coal,  which  is  of  Cretaceous  age,  yields  on 
analysis  2  per  cent,  of  moisture,  20'5  per  cent,  of  volatile  matter,  67  7 
per  cent,  of  fixed  carbon,  and  9"8  per  cent,  of  ash.  The  coke  ovens, 
100  in  all,  of  which  50  are  completedj,  will  produce  2500  tons  a  month. 
The  yield  is  60  per  cent,  of  the  coal  coked. 

*  Awitric^n  Qiti  Light  Journal  ;  Minti  ^nd  Mintf^ahf  toK  xxL  pp.  205- 20T. 

t  Enffinttring  and  Mining  Jovmai^  vol.  Ixxi.  [».  331, 

t  MiHCi  and  Miji^raft^  100],  p|).  2411-251  ;  four  illuitr^tioDa, 

§  *•  Modern  Maxioo/'  toI.  xl  |ip.  24-26. 
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Ooal  in  OhilL— Details  are  pabliihed^af 
coal  in  Chili,  situated  thirteen  miles  from  I^otsrau 
the  coal  to  1>c  equal  to  that  of  Lota,  Ckmmel,  and  Ti 

Ooal  in  New  Caledonia. — Accordiog  to  F.  DaaTcn  Povert  lU 

tlus  coalfields  of  New  Caledonia  are  sitoated  on  the  vest  aide  of  tbe 
island,  and  may  be  divided  bto  the  Noamea,  Moindoa,  P<yya,  and  Yoh 
basins.  The  coal  is  probably  of  the  Triassie  or  Jnrasaic  age.  At  the 
present  time  no  collieries  are  being  worked.  It  k  remarkable  that 
New  Cale<lonia  has  not  made  itself  ind<fpendent  of  the  Anstnhan 
supply.  The  coal  contains  1  to  6  per  cent  of  water,  5  to  18  per  cent, 
of  volatile  constituents,  70  to  86  per  cent  of  carbon,  and  0  to  21 
per  cent,  of  ash. 

Ooal  in  China. — F.  L.  Garrison  I  describes  the  mining  and  indostriil 
development  of  China  in  reference  to  the  coal,  iron,  and  other  matters. 

G.  H.  Monod§  describes  the  deposit  of  Devoniaii  anthracites  st 
Lan-mon-tchang,  in  China.  The  observations  recorded  show  that  in 
China  coal  was  formed  at  the  Devonian  and  Carboniferous  epochs, 
during  a  portion  of  the  Jurassic  period,  and  in  certain  Tertiary  lagoons. 

Goal  in  Japan. — A  Foreign  Office  report  on  the  trade  of  Xagasab* 
in  1899  contains  some  particulars  of  the  Japanese  import  and  p^oda^ 
tion  of  coal.  || 

In  connection  with  some  discussion  as  to  the  suitability  of  the  coals 
from  Hokkaido,  in  Japan,  for  gas-making  purposes,  the  following 
aHHay«  have  ]>een  publisht'd  :1i — 


In  100  parU  Coal  <lried  at  100*  C. 


Name  of  Mine.       /*.''*^!.  .*.?      Mointure.  t»     /-i     *.  I 

Gravity.  Per  Cent.    Tr«i-*;i^ 

A*h.     Coke,    of  Carbon    Matter    ! '^"^P^'*^' 


VnUri     .  1-200  140  4  57  5711  52-54  4289  0311 

Soralii    .  l-2l^  2  !«5  4iO  ."><!  4«  5c>-86  40-04  0  936 

Iku»iliurii}>etsu  r2*_'0  3ir,  510  ,V>1>0  50*50  43*42  0*344 

Poion.ii    .  1*240  4-36  7*74  59 "^J  52*25  40  01  '     0*411 


•  Rerista  d<  Mina*.  vol.  i.  No.  9. 

t  Transactions  <^f  tht  Institution  of  Miniwj  and  Metallurgu,  vol.  viii.  p.  426. 

X  Mininci  and  Afrf<i//Mrj7t/,  New  York  ;  Colh'erv  Guardian,  vol.  Ixxxi.  pp.  237-238. 

§  Compti*  Rendu*  dc  VAcadnuif  des  Sciences,  February  16. 

'■   Colliery  Guardian,  vol.  Ixxx.  p.  1372. 

•T  Iron  and  Coat  Trades  Ret-iew,  vol.  Ixi.  pp.  1056>1057. 
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n  a  paper  on  the  industry  of  the  Far  East,  Hartig  *  gives  some 


particulars  of  the  Japanese  coal  trade.     The  coal  is  very  soft  in  the 

Miike  district^  where  one  mine  produces  over  2000  tons  a  day  of  coal 

coDtaining  8 '6  to  13  per  cent,  of  ash.     The  coal  yields  about  60  per 

.cenL  of  firm  coke. 


Peat. — P.  R  Bjorling  f  gives  an  account  of  peat  and  compressed 
peat  as  fuel.  In  the  raw  state  peat  contains  75  to  85  per  cent  of 
water,  but  this  is  reduced  to  5  to  15  per  cenL  by  air-drying,  and  then 
it  contains  5  to  15  per  cent,  or  mora  of  ash.  The  composition  may 
vary  between 


50  t4>G6 


HyJrogen. 
4-7  to  7  4 


28to3l> 


1-5  to  31) 


I 

Hln  ita  air^lried  state  the  calorific  value  is  3000  to  3500  units,  or 
"  dried  at  100*  C,  5200  units.  A  short  account  is  given  of  the  various 
methods  which  have  been  adopted  from  time  to  time  for  cutting  and 
preparing  wad  compressing  peat.  Home  of  the  attempts  to  manufac- 
ture peat  charcoal  are  also  dealt  with^  a  number  of  iiltistrations  being 
•given  and  the  costs  stated^ 
^  The  industrial  uses  to  which  peat  charcoal  may  be  applied  are  con- 
sidered, }  and  Stone's  mveutions  for  compressing  and  solidifying  peat 
preparatory  to  coking  are  fully  described.  A  coking  plant  is  also  ill  us* 
trated.  It  is  stated  that  3  tons  of  dried  peat,  when  properly  treated, 
will  yield  1  ton  of  charcoal.  The  charcoal  produced  from  solidified 
peat  has  a  density  of  1*040,  and  is  said  to  be  equal  to  the  best  coke 
made  from  coal. 

Some  notes  on  peat  in  Ontario  have  also  appeared*! 

In  Sweden  several  peat  briquetting  machines  are  at  work*  At 
Estof,  for  instance,  there  is  one,  designed  by  Rode,  making  60^000 
blocks  daily,  and  on  several  of  the  railways  peat  blocks  are  used*{| 

A  Larbal^trier  has  just  published  a  small  volume,  entitled  La 
Tmtrh^  in  which  he  has  collected  the  scanty  records  dealing  with 
peat  previously  published,  and  has  supplemented  them  by  his  personal 
observations. 

The  production  and  preparation  of  peat  is  dealt  with  at  some  length 

•  ZciUchi-ift  dt*  V€T€in€$  ticut§chtr  Int/cnie^tre,  vol.  xMv.  pp.  13S3,  1445,  1479* 

t  Votlitrif  Ouarrfiaw,  vol  lx%x.  pp*  1127*  11 B3*  1294  i  vol,  IxixJ.  [n  2L 

i  Ibid.,  vol.  Ijlxx.  i>ii.  IS'^i-riM;  twelve  jlluitratioiiB. 

I  IHd.,  V0l.  Ixjtxl  p.  75.  li  Bitpineti*,  vol  xeL  p.  149, 
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by  Marschick.*  He  proceeds  to  show  the  yarioiis  applications  of  peat 
preparations,  and  advocates  its  use  as  a  fuel,  as  a  means  of  disinfeetioD, 
as  a  non-conducting  material  for  prevention  of  loss  of  heat^  and  ImUj, 
in  the  form  of  peat-wool,  as  a  surgical  appliance  for  stanching  wounds. 
He  also  describes  the  working  up  of  the  peat-fibre  into  doth  materiili 
and  paper. 

An  article  has  been  published  by  B.  Kosmann  t  on  Uie  manufacture 
of  peat  briquettes.  With  a  daily  production  of  125,000  briquettes,  the 
cost  of  making  1000  briquettes  is  2s.  8d.  Such  briquettes  contain  66 
per  cent,  of  conbustible  constituents,  while  lignite  briquettes  contain 
70  per  cent 

£.  Svedmark  }  discusses  the  preparation  of  peat  by  a  Norwegian 
process. 

III.— CEARCOAZ. 

The  Manufacture  of  OharcoaL — ^Ten  charcoal  retorts  have  been 
erected  to  supply  a  blast-furnace  at  Gladstone,  Michigan,  by  the 
Cleveland  Cliffs  Iron  Company.  The  steel  shells  of  the  new  retorts 
hold  five  cords  of  wood,  and  are  heated  externally  with  coaL  As  by- 
products there  are  stated  to  be  made  3^  gallons  of  alcohol  and  300  lbs. 
of  acetate  of  lime  from  each  cord  of  wood,  which  averages  5000  lbs.  in 
weight.§ 

A.  Bergstrom  ||  describes  a  continuous  kiln  for  charcoal  or  peat 

Ural  Charcoal.  —  Neumark  U  publishes  the  following  assays  of 
charcoal  made  in  the  Ural  district,  and  used  in  iron  smelting : — 

I.  II. 

I  Percent.    Per  Cent. 

!  Vt.latile  matt.r        ...  70       >       IS'S       i 

I  Fixed  carbon   .         .         .         ,  ma       ■       SV5 

I  Ash 11               0-9 

!  Moisture 80       ,        37 


Charcoal  Briquettes. — G.  von  Heidenstam  ♦♦  discusses  the  manu- 
facture of  charcoal  briquettes  from  sawdust.     Experiments  made  at 

*  Techuischc  BJathr,  181K>,  Series  IV.,  i»p.  149-16G  ;  two  plates  and  Ulustrations. 
t  Ofiirkuu/,  vol.  xxxvi.  p.  WX  X  Tfknisk  Tidtkrifty  vol.  xxxL  p.  78. 

§  Iron  Age,  January  24.  1901,  \\  7.  ;.  Tcknitk  Txdzkrift,  voL  xxxi.  p.  63. 

^  Stah!  und  L'isen,  vol.  xxi.  p.  110. 
*•  Bfhawj  (ill  Jcmkontorcis  Annalei\  1900,  pp.  345-S60. 
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SkoQvik  sawmills  have  given  highly  satisfactory  results.  The  average 
of  seventy-five  operations  showed  that  the  charge  was  916*6  kilo- 
grammes, the  time  occupied  in  carbonisation  was  18-12  hours,  and  the 
time  occupied  by  charging  and  drawing  was  thirty  minutes.  The 
yield  per  100  lbs.  of  briquettes  was  33-43  lbs.  of  charcoal,  8*84  lbs.  of 
tar,  and  36-78  lbs.  of  crude  pyroligneous  acid.  The  last-named  con- 
tains 3-13  lbs.  of  acetic  acid,  0*66  lb.  of  methyl  alcohol,  and  0*09  lb. 
of  acetone.  The  character  of  the  briquette  charcoal  is  shown  by  the 
following  analysis : — 

Per  Cent. 

Moisture 9*4 

Carbon 80*2 

Hydrogen 1*2 

Nitrogen 0*36 

Oxygen 8  313 

Ash 0-62 

Phosphorus 0*007 

The  author  gives  estimates  showing  that  the  manufacture  may  be  con- 
ducted so  as  to  yield  considerable  profit. 


lY.— COKE. 


Beehive  Ovens. — A.  W.  Evans  ♦  gives  an  account  of  the  plant  of 
101  beehive  ovens  at  Lookout  Mountain,  in  Georgia,  used  for  coal 
from  the  Durham  seam.  The  leading  dimensions  and  the  charging 
arrangements  are  described. 

J.  P.  Brennen  t  describes  the  new  coke-oven  plant  of  the  Eureka 
Company,  in  the  Klondike  region,  Fayette  County,  Pennsylvania. 
At  Leckrone  there  are  400  beehive  ovens,  and  the  Footedale  plant 
afso  consists  of  400  ovens.  Electric  transmission  of  power  is  extensively 
employed. 

E.  S.  Moss  }  describes  the  beehive  ovens  as  used  by  the  Universal 
Fuel  Company  at  Chicago.  The  air  for  combustion  may  be  heated  if 
desired,  and  is  blown  into  the  oven  at  several  points.  Also  the  coal 
is  heated  from  below  by  a  zigzag  flue  built  in  the  bottom  of  the  oven. 

W.  G,  Irwin  §  describes  the  manufacture  of  coke,  especially  in  the 
Connellsville  district,  with  the  aid  of  a  number  of  illustrations,  and 

♦  Mines  and  Minerals,  vol.  xxi.  pp.  49-61.  +  Ibid.,  vol.  xxi.  pp.  385-388. 

X  Ibid.,  vol.  xxi.  pp.  412-414. 

§  Cattier*$  Magazine,  vol.  xix.  pp.  197-206. 
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shortly  irac€s  tlie  history  of  the  iudtietry  and  the  Brms  eugaged  k  iL 
Less  than  one-fifth  uf  the  area  iB  stateiL  to  ht  worked  oaL 

Illustrations  are  given*  of  the  beehive  coke  oveus  atid  other  pliat 
at  iOQig  of  the  collieries  in  Vancouver  Island. 

Welsh  Orens. — F-  Howaldt  describes  the  modified  Welsh  or 
rectangular  coke  oven,  of  which  eighty  are  in  use  at  the  Red  Adi 
Colliery  in  We^t  Virginia,  They  are  15  feet  from  back  to  front,  G 
feet  wide  at  the  back,  and  4  incbes  wider  in  front.  At  the  centre  ot 
the  arch  they  are  5  feet  10  inches  high,  and  46  inchea  high  at  the 
aides.  The  charging  hole  is  nearly  9  feet  from  the  frout^  which  i» 
closed  by  double  doors,  A  drag  placed  in  the  oven  before  charging  li 
used  to  draw  the  coke,  the  floor  being  inclined  4  inches  to  the  frout 
Waste  gas  is  nsed  under  boilers. 

By-Product  Ooke  OTens.  —  G,  Blake-Walker  |  describes  the 
various  forms  of  by-product  coke  ovensj  sncU  as  those  of  Colliui, 
Siraon-Carv^,  and  Otto-KoflTmanj  &c.  Tiie  arrangements  for  recovei- 
ing  the  by-products  are  discussed,  and  some  notes  are  giveu  on  th^ 
working  of  the  Stmon-Carv^s  ovens, 

W,  H.  Blauveltl  describes  the  plant  of  Semet^Solvay  by-prodaet 
ovens  at  Wheeling,  West  Virginia^  which  is  the  fifth  by-product  plant 
near  Pittsburg  and  also  the  largest,  making  475  tons  of  20Q0  llm, 
daily. 

The  world's  production  of  sulphate  of  ammonia  in  1900  amount*d 
to  493,000  tonsj  of  which  quantity  Great  Brit4iin  produced  210,000 
tons,  Germany  120^000  toua^  United  States  58,000  tons,  and  France 
37,000  tons.  In  Great  Britain  138,000  tons  were  obtained  iu  the 
manuftvcture  of  gas,  18,000  tons  from  blast-furnaces,  39,000  tons  from 
shale,  and  15^000  tons  from  coke  ovena.|| 

Caal-StampiBg  ApplianceB.—lt  has  been  pointed  ontf  that  it  k 

a  welbknowu  fact  that  some  badly  caking  coals  can  have  their  coking 
properties  improved  by  subjecting  them  to  compression  before  coking, 
that  iSy  when  the  presence  of  separating  air  spaces  is  avoided.     Borne 

t  MineM  and  Minemlf,  voL  xxu  p.  IL 

X  MijnUex  of  Proceedings  of  tk^  ImtUuU&n  €/C%vU  Engimtrtt  voL  oxUi.  pp.  3OB-SS0. 

§  T^nmciwuu  of  the  In*Hiidi4m  cf  Mining  £nffineertt  rol.  xix.  pp^  337-345. 

t  Stahl  und  Eiaeyi,  vol.  xx.  pp.  1248-1254;  tii  illuitmttociiu 


f 

i 


FUEL. 


381 


^eo 


improvement  eertainlj  does  result  iu  this  way,  and  tiveu  though  the 
result  may  not  be  perfect,  yet  in  many  cases  a  fuel  which  would 
oil  I  er  wise  be  useless  is  niaile  available.  Ko  uec  urate  scientific  in* 
veetigation  has  yet  beeu  made  to  ascertaiu  exactly  what  happens  in 
this  case,  Indeetl  the  reaction  of  the  coking  process  geuisrallyj  and 
iiow  these  are  aifected  by  external  in^ueuces,  are  still  only  imper* 
ctly  understood.  Perhaps  in  the  case  of  coals  low  in  volatile 
Constituents,  tije  act  of  bringing  the  particles  of  coal  closer  together 
by  compression  enables  the  available  smaller  quantity  of  their  dis- 
tillatioti  products  to  have  a  better  cbance  of  exerting  a  binding 
influence  tlian  they  otherwise  would  possess.  In  the  old-fashioned 
open  Scltaumburg  coke  oven  ibis  conijiression  was  a  very  easy  matter. 
The  coal  was  simply  stamped  into  the  oven.  When  closed  ovens 
were  usedj  one  attempt  to  attain  similar  compression  consisted  In  tlie 
use  of  heavy  slabs  of  stone  which  were  allowed  to  remain  on  the  coal 
during  its  coking.  Any  heavy  weight  could  be  usedj  such  as  old  rftils. 
Other  methods  proposed  consist  in  rolling  or  in  the  use  of  hydra tdic 
presfittrei  It  has  also  been  proposed  to  use  the  171  m,  employed  in  j^Ush- 
tng  the  finished  coke  out  of  the  oven^  to  comjiress  tbe  coal  before  this 
ia  coked,  charging  in  the  coal  in  small  quantities  and  forcing  it 
ag&inst  the  firmly  closed  door  of  the  oven.  It  is  now,  however, 
generally  agreed  that  !io  satisfactory  results  are  to  )>e  looked  for  from 
the  compression  of  coal  within  the  oven,  but  that  this  must  be  effected 
outside.  The  first  step  iu  this  direction  lay  in  the  use  of  briquettes. 
Next  came  the  formation,  not  of  a  number  of  small  briquettes,  but  of 
one  large  tightly  stamped  mass  of  coal,  which  was  then  pushed  into 
the  oven*  Ritter  von  Mert^ns  put  such  a  method  into  practice  at 
Tnzymeiz  in  Upper  Silesia  at  the  commencement  of  the  eighties,  and 
this  was  subsequently  improved  by  Baumgarten.  The  sides  of  tlie 
stamping  chamber  were  made  of  sheet  iron^  then  the  bottom  was  made 
movable,  and  the  whole  placed  on  a  travelling  waggon.  This  was 
brought  before  an  oven,  the  coal  stamped  into  it,  the  movable  bottom 
and  the  compressed  mass  pushed  into  the  oven,  and  the  bottom  then 
withdrawn,  Quaglio  subsequentiy  further  modified  the  method,  and 
his  modified  form  of  stamping  was  subsequently  adopted  at  many 
works  in  Upper  Silesia.  Some  illustration  a  are  given  of  various  forms 
of  stamping  appliances,  and  details  are  given  as  to  the  results  attained 
by  their  use  and  the  working  costs.  One  such  appliance  of  German 
make  stamps  the  coal,  charges  it  into  the  oven,  and  is  ready  for  use 
at  another  oven  in  twenty  to  twenty- five  minutes, 
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Not  only  doea  stampitig  enable  a  poor!  j  caking  eoal  to  be  coked » hat 
it  haa  the  further  advantage  that  by  its  use  a  considerable  pereeaUgt 
of  poorly  caking  coal  can  be  added  to  ordinary  caking  coaU  hdutt 
they  are  coked,  and  still  a  good  coke  will  result*  This  additioo  mij 
reach  06  much  as  50  per  cent,  TJ»e  quantity  of  lump  coke,  too^  that  is 
produced  is  always  several  per  cent,  higher  than  that  resulting  from 
the  ordinary  methods  of  coking  without  coropresaion.  In  some  coals  it 
h  necessary  to  add  as  much  as  15  per  cent,  of  water  to  a  eoaU  Tbe 
same  coal  m  its  compressed  form  gives  equally  good  resulta  with  10  per 
cent,  of  water.  This  results  in  a  saving  in  the  gas  required  for  heating 
purposes,  and  the  large  quantities  of  steam  in  the  gases  escaping  (mm 
the  coke  oven  are  considerably  diminished.  Coals  are  reduced  l«_ 
about  75  per  cent,  of  their  volume  by  stamping,  but  the  charge  in  i 
oven  cannot  safely  be  made  more  than  15  to  18  per  cent,  more  thani 
the  caae  of  the  uncompressed  coal.  A  mod  ideation  in  tlie  ahape  of  I 
oven  is  possible.  The&e  need  not  be  made  so  conical.  Indeed, 
side  walls  might  be  made  parallel  to  each  other.  This  not  only  has  \ 
advantage  of  giving  a  more  even  working-off  of  the  coke  oven  ch 
hut  the  cost  of  construction  oftheoven  is  lessened.  The  large  number 
of  difierent  shapes  of  bricks  now  necessary  in  many  forms  of  coke 
oven  could  be  greatly  reduced.  Another  important  advantage  resultiiig 
from  tiie  use  of  compression  is  that  the  time  taken  to  charge  an  ottn 
with  the  compressed  mass  is  less  than  in  ihe  ordinary  system  of 
charging,  with  the  resulting  advantage  that  tlte  vicinity  of  coke 
ovens  would  become  leas  disagreeable^  and  the  health  of  the  work- 
people also  increased.  The  size  of  the  compressed  mass  at  the  Horde 
works  is  about  6  feet  deep,  15  inches  wide,  and  nearly  33  feet  tu 
length.  This  stamping  has  the  furtlier  advantage  that  it  yieidi  a 
perfectly  homogeneous  mass  of  coaK  Machine-stamping  needs  far 
leas  time  than  does  stamping  by  liand^  and  b  considerably  cheaper* 
It  only  takes  about  one-fourth  the  time  to  charge  the  oven,  and  once 
pushed  in  no  further  rabbling  or  other  treatment  is  necessary. 

The  coal-stamping  appliance  manufactured  by  Brinck  and  Hub& 
of  l^launheim,  is  claimed  by  the  makers  to  be  the  oldest  and  mi 
widely  used  machine  of  this  kind.^     It  is  claimed^  too,  that  its 
struction  is  the  most  simple,  and  that  all  later  forms  of  coal*stam|] 
appliance  have  more  or  less  followed  this  one,  so  far  as  the  patent  per- 
mitted.    A  comparison  is  drawn  between  this  machine  and  that  of 
Kuhn,  and  various  advantages  are  claimed  for  ii     It  is  diiven  by  the 

*  SiaM  und  Eimn,  voL  xxL  pp.  7S-75  ^  one  illttatnLtiOD. 
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l:iif  an  electric  motor  Eight  utachines  of  this  iy^e  are  in  use  at  the 
fulienlmtte,  six  at  the  DoflnGraniarckiiiitte,  and  several  at  Boraigwerk. 
fti  England  it  is  claimed  that  so  far  this  is  the  type  of  machine 
exclusively  employed.  Other  machines  of  the  Brinck  and  Hiibner  type 
are  or  shortly  will  be  in  use  in  Westphalia,  Moravia,  and  elsewhere, 

tF.  W.  Liinnann  *  refers  to  some  experiments  made  by  him  in  the 
^vetities  on  the  applteaLion  of  pressure  to  coal  in  the  oven,  and  to  a 
umber  of  patents  subsequently  taken  out. 
Cake  Fusher*^ — An  illustrated  account  has  appeared  of  the  elee- 
vdcaliy  operateil  coke  pusher  used  at  the  ovens  at  the  Adolf  von 
Hatisemann  Colliery,  Dortmund,  f  A  20dior8e-power  motor  drives  the 
rack  pusher  so  as  to  expel  the  coke  at  thu  rate  of  about  30  feet  per  minute^ 
and  the  whole  machine  can  be  traversed  at  about  doubJe  that  rate. 

An  illustration  is  given  |  of  a  coke  lorry  fitted  with  an  electromotor 
and  trolly  pole  to  dispense  with  horse  haulage. 


^ 


Ash  of  Coke  made  in  South  Russia. -'Neumark§  publishea 
complete  analyses  of  the  ashes  fr<tm  fourteen  cokes  made  in  South 
llussia,  and  also  of  an  anthracite  ai^h.  The  total  percentages  of  ash  in 
the  coke  varied  from  8 "2  up  to  2576  per  cent.j  and  the  total  sulphu? 
from  1-17  to  3*52. 
^L     The  coke  ash  contained — 

■     Th 
^  oxide 


Ferrifl  oxide  . 
AlumiDA 

Lime 
Magnesia 
Sulphur 
PlitisphoruH    . 


l*er  Cent. 
37'03  to  53-50 

1fr'y2,,  3014 

...  .,   ro7 


1-70, 
070, 
0-41  , 
004, 


12 -sa 

2 '01 
l-^i3 
O'Ufl 


The  manganeee  is  taken  aa  Mn^O^, 

The  analysis  of  the  anthracite  ash  showed  61*67  per  cent  of  ferric 
oxide,  29  7  per  cent  of  silica,  4-73  of  aluminaj  4*40  of  lime,  and 
amongst  other  constituents  0-9S  of  phosphorus. 


t  Iron  and  Coitl  Tmdea  Meview,  rat.  IxL,  BupplenteELt,  Deotmbtr  21 .  1900,  pp,  17-1^ 
X  Jftner  and  MinerulB,  Tol.  xxL  p.  46. 

§  Skihi  und  Siamf  vol  xxi.  p^  HO, 
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Y,— LIQUID   FUEL. 

Fuel  Value  of  Petroleum. — W.  L.  Watts  *  has  given  the  resalts 
of  some  experiments  on  the  calorific  values  of  Califomian  oil.  The  heat 
units  per  kilogramme  are  given  as  varying  from  9688  to  10,788  as  com- 
pared with  6684  for  Nanaimo  coal. 

Ohemistry  of  Petroleum. — R.  A.  Wischin  f  has  recently  pub- 
lished a  work  embodying  the  researches  made  on  the  naphthenes  which 
occur  in  petroleum. 

S.  F.  Peckham  }  discusses  the  use  of  the  terms  retene,  petrolene,  and 
asphaltene  in  relation  to  bituminous  minerals,  and  advocates  the  use  of 
uniform  methods  and  solvents.  He  also  repeats  his  arguments  on  tbe 
classification  of  crude  petroleums. 

B.  Steuart§  has  determined  the  saturated  hydrocarbons  present  io 
shale  spirit. 

D.  R.  Steuartjl  discusses  paraffin  oil  and  petroleum  in  regard  to  their 
composition  and  origin,  and  refers  to  the  possibility  of  fracUonising  the 
oil  by  filtration  through  fuller's  earth  and  other  materials. 

C.  F.  Maberyll  gives  an  account  of  the  hydrocarbons  in  Pennsyl- 
vanian  oil,  and  of  the  hydrocarbons  and  nitrogen  compounds  in  Cali- 
fomian oil.  The  same  author,  in  conjunction  with  S.  Takano,  also 
describes  the  hydrocarbons  in  Japanese  petroleum,  and  in  conjunction 
with  W.  O.  Quayle  deals  with  the  sulphur  compounds  in  Canadian 
petroleum.  Together  with  O.  J.  Sieplein  he  has  also  investigated  the 
chlorine  derivatives  of  petroleums  from  several  countries. 

Oil  Shale  in  Scotland. — H.  M.  Cadell  ♦♦  describes  the  geology  of 
the  oil  shale  fields  of  the  Lothians,  and  of  the  several  well-marked 
horizons.    The  lowest  is  the  Burdiehouse,  Camps,  or  Qneensferry  lime- 

*  Bulletin  No.  19  of  the  CAlifominn  Stote  Mining  Bureau,  through  the  Petroleum 
R<rieir,  vol.  iv.  \\  15i>. 

t  DU  Xaphthew  vO'kli*cli^  Polymethvlene  det  ErdoU) :  Brunswick,  F.  Vieweg  k 
Si.hn. 

t  Journa.f  >•/ thf  Fraui:tn  luftitute^  voL  cli.  pp.  50-61,  lli-134 ;  Journal  of  the  Iron 
atui  St€(l  JmtituU,  1*>X».  Xo.  II.  p.  453. 

§  Jnunial  Of  thf  Soci€tK'  i-f  Chfiuiral  Industrjf,  rol.  xix.  pp.  98S-9S9. 

"^  I^ut.  pp.  9S9-9i»2. 

•"  Pn>ceidin'js  of  thi  America n  A$^cc\ation  for  the  Adrameement  o/Seienee^  toL  xlii^ 
pp.  12S-ll>l>. 

*•  r.iper  read  before  the  E.iiuburgb  Geological  Society,  NoTember  1900;  Iron  and 
Coal  TraUf  RtvUic,  vol.  Ixi.  p.  1W<. 
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toae,  which  is  in  the  West  Calder  district,  2400  feet  below  the  Htirlet 
r  Carbon  if erons  limestone^  and  above  which  are  to  be  found  all  the 
il  shales  hitherto  worked,  with  the  exception  of  the  shales  of  Puai- 
phersbon,  which  are  situated  600  feet  below  that  landmark*  Above 
this  limestone  are  the  Barracks  shate^  an  inferior  seam,  then  the  Dun- 
netj  500  feet  higher  up,  under  the  Binny  sandstone,  then  the  Broxburn 
shale  above  the  sandstone,  and  the  Fells  shale  above  the  marls  that 
cover  the  Broxburn  seams.  The  Houston  coal,  with  its  distinctive 
green  ami  red  overlying  niai  Is,  forms  another  very  coiispicuouB  land- 
mark all  over  the  district,  arid  above  the  marl  only  one  seam  of  value — 
the  Raeburn  shale — is  to  be  found.  Oil  shale  is  now  worked  for  am- 
monia as  well  as  oilp  and  the  production  of  sulphate  of  ammonia,  which 
has  a  high  agricultural  value,  forms  an  important  branch  of  the  in- 
dustry. The  lowest  seams  of  shale  at  Pumpherston  are  richest  in 
ammonia;  and  probably  the  shales  richest  in  ammonia  are  those  in 
which  the  proportion  of  animal  to  plant  remains  is  greatest,  while  the 
shales  richest  in  hydrocarbons,  such  as  those  of  Broxburn,  probably 
contain  an  excess  of  vegetable  matter,  A  geological  description  is  then 
given  in  detail  of  the  shalefields  of  West  Csilder,  Pumpherston,  Mid 
Calder,  Broxburn,  Philpstoim,  Hoptjtoun,  and  Dalmeny. 

Petroleum  in  GaUcia^  —  An  acci)nnt  by  C.  Angermann  *  has 
apj:iear4.Hl  of  tlie  Sokol-Dominikowiee-Kobylanka-Kryg-Libusza  oil  dis- 
trict in  Galicia,  with  a  map  of  the  region.  Particulars  of  the  stratiti- 
cation  and  of  the  different  wells  are  given, 

Fetroleum  in  Hungary, — In  an  exhaustive  descrijition  of  the 
geology  of  the  viciuity  of  Sosmexo,  in  Haromszek  County ,  Hungary, 
J,  Bockh  t  devotes  considerable  attention  to  the  petroleum-beaHng 
deposits.  Petroleum  occurs  at  three  horizons,  in  the  Miocene,  in  the 
Oligocene,  and  in  the  Lower  Cretaceous. 

L,  Koth  von  Telegd  |  gives  the  results  of  the  borings  for  petro- 
leum at  Zsiho,  in  Szilagy  County,  Hungary.  Oil  was  found  only  in 
^  traces,  and  not  in  workable  quantities. 

Petroleum  in  Roumania*  —  The  occurrence  of  petroleum  in 
iioumania  is  described  by  P.  Poni.§ 

•  Ifaphlhdf  throQgh  iJie  Petroleunt  Revieifit  ^^^^  i^-  PP*  5,  57*  104*  ' 

t  MitthtihiTifjen  aut  dcm  Jahrlntvhe  dcr  k,  utiff.  gtal.  Anttfiltt  vol.  Jtii,  ]ip.  1-222. 

§  Anwit€4  Seientifiqtiis  de  I' UnhcrMiti  de  Jau^^  190e»  piJ.  15-148.  . 
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C*   K,  Mircea*  describes  the  Vatea  Gardului  Predeal-Tarbiirea  oE 

region  in  tiie  diitrkt  of  Prahova,  Eoumania,  in  which  pefcroleum  &f 
excellent  qualitjr  has  heen  found, 

C,  K  Mircea  t  gives  detail<?d  deecription  of  the  occurrence  of  petro- 
leum and  lignite  in  tlie  Eamnicu-Serat  district  A  map  of  the  dtstrici 
accompanies  the  memoir  K  Baum  |  di^cuases  the  intimate  eonnectioti 
between  petroleum  and  rock  salt  in  Bon  mania  ;  and  C*  AiimanesUanul 
deals  with  the  question  of  the  concession  of  oil  lands  by  the  Eounmnlaii 
Government. 

Articles  have  also  been  publiahed  on  Uie  occurrence  of  petroleoni  al 
Bertja^Paclele,  in  the  district  of  Buzau,  by  Y,  Tacit^||  and  on  the  Glodeoi 
oilfield,  in  the  Dimbovitza  district,  by  K,  Sevaato&ll  ^- 

The  Roumanian  oil  production  for  the  year  1 890  to  1 900  is  givslH 
as   224,751   tons,  aa  compared   with  182^540  tons   in   the   prerioat 
year,**  ^^ 

Petroleum  in  Russia. — The  yarions  proposals  that   hare  been 
made  to  reclaim  some  of  the  land  from  the  sea  at  Bebe-Aibat^  and  ta^ 
drain  the  Romany  Lake  into  the  Caspian,  are  discussed. ff  H 

A  short  but  trustwortliy  account  H  h  given  of  the  great  oil  fire 
which  occurred  at  Baku  on  February  4,  190L 

An  investigation  has  been  made§§  loto  the  causes  of  the  t^cent  6re 
at  Baku,  and  shows  that  the  explosions  by  which  the  Gre  was  spread 
might  be  caused  by  the  lighter  oil  burning  off,  leaving  the  heavy 
heated  residue  to  sink  into  the  water  at  the  bottom  of  the  tanl^  where 
it  generated  steam.  Or  the  ateam  might  be  formed  by  the  vapor 
tion  of  the  water  mixed  in  the  heavy  oil  when  it  burnt*  Water  should 
be  kept  in  the  bottom  of  the  tank  to  keep  the  oil  cooh 

V»  S.  lataminHf  deals  with  the  origin  and  prevention  of  fire-s  in" 
the  working  of  oilfields.  These  fires  are  frequent,  especially  in  tli€ 
Be  he 'Ai  bat  district,  and  cause  enormous  losses.  Fires  are  caused  by 
the  friction  of  the  gases  rushing  out  of  the  mouth  of  the  horeholej  by 
the  baler  or  by  ejected  stones  striking  the  casing,  and  by  gas  from  the 
well  taking  fire  at  the  furnaces  of  elsewhere.     Heating  of  the  bearing 


mul^l 


•  Monitortd.  initrt^lor  peirolifert  Homim^  vol.  li.  pp.  472-475. 
f  Ibid.,  pp.  355-362.  +  ibid.,  pp,  3ft4-3fi6.  %  Ibid. 

II  Ibid.,  pp.  497-500.  t  Ibid.,  ijp.  GOO-504.  •*  Ibtd 

+t  Petroitum  Review,  vt?l  iv*  pp.  2T7-27S,  293-294* 
tt  Ibid,,  vol.  W.  p|v  14S-H9,  $§  Ibid,,  vol.  iv.  pp.  37^^79. 

HH  Pap^r  reud  before  tb«  Baku  Seettoti  of  the  Ruaaiiti  Tm^hnkitl  SiicLetjr,  tlirough  tb^ 
Fe{T*ofeuffl  Eeview,  to),  iii,  pp.  499-500. 


I 


A 


I 


FUEL.  387 


in  the  wiodiDg  machinery  may  also  IgnLte  the  gas,  so  that  they  should 
be  kept  well  oiled. 

E.  H.  Foster  *  ileacribes  the  pipe  line  from  Michael  ova  to  Batount 
It  is  171  mi]ea  m  length,  and  Ijas  a  capacity  of  48,000  gallona  per  hour. 
An  extension  of  about  90  miles  to  Ag  Taglia  is  contem}>lated.     Eight- 

ch  steel  pipes  with  screwed  joints  are  used.  They  were  made  in 
Russia  and  tested  under  water  pressure  at  150  atmt^spheres.  There 
are  three  puraping^stations,  with  Worthtngtou  compound  pumps. 
Thea«  have  21 -inch  high  pressure  and  4 2- inch  low  pressure  steam 
cylinders,  8i  inch  plunger,  and  24-inch  stroke,  The  piston  speed  is 
140  feet  jier  minute.  Details  of  tiie  methods  of  laying  the  pipes  and 
of  testing  them,  and  of  the  size  of  the  tattks  and  other  details  are 
given,  together  with  a  nu tuber  of  il  lustrations  of  the  districti 

Fetroletmi  in  Mesopotamia. — A  note  on  the  petroleum  deposits 
of  Mesopotamia  is  given  by  H.  Cliaouriz^f  About  16  tons  monthly 
is  produce<l  in  the  summer  at  a  point  about  TO  miles  north-east  of 
Bagdad  from  fissures,  and  si^veral  other  deposits  are  known,  but  none 
fcre  worked  on  a  commercial  scale* 

Petroleum  in  Califomia*— W.  G.  Young  |  gives  a  few  general 
notes  on  the  Coalinga  oillieM  in  Fresno  County,  California* 

According  to  tlie  same  autbor,§  in  the  Summed  and  oil  district  of 
California  wells  are  drilled  and  pumped  both  ou  land  and  tinder 
the  sea*  The  district  contains  in  all  about  325  producing  wells* 
Nearly  two-thirds  of  these  have  been  sunk  ou  the  beach  and  on  the 
headlands  lying  immediately  back  of  the  shore,  the  remaining  third 
being  snhrnarine  wells.  Those  on  the  headlands  are  drilled  in  the 
usual  Wtty,  while  those  in  the  ocean  are  drilled  and  operated  through 
wharves  and  trestles  extending  out  into  the  sea.  In  all  17  of  these 
wharves  have  been  built,  the  longest  being  tlie  Tread  well  Pier,  which 
is  approximately  1250  ft,  in  length,  abont  850  feet  of  which  is  occupied 
by  derricks.  The  field  extends  about  a  mile  along  the  shore,  600  feet 
back  from  the  shore  line,  and  350  feet  seawards.  The  wells  vary 
from  125  to  500  feet  in  depths  and  the  monthly  production  is  about 
14,000  barreK 

^•  CassifT'S  Magazine,  voL  xix.  pp,  1-16, 
t  VEcho  de*  Minct  e&  de  ?«  MelaUurijk^  voL  xsc^ii  p.  54  \  Pdi^eum  B^tieuf,  voU 

iv.  p.  101. 

t  Mnffiniirin&  und  Mining  J&umaif  to].  Ixxt  pp.  403-404. 
I  Ibid,,  vgL  l%xu  p,  54, 
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Petroleum  in  Indiaaa. — C.  K.  MacFadden  *  gives  a  sketch  of  the 
four  oil  districts  in  Indiana — the  main  Indiana  Trenton  rock  dislxict^  the 
Jasper  County  Carboniferous  limestone,  the  Martin  County  Loogootee 
district,  and  the  Terre-Haute  district  in  Vigo  County.  The  first  and 
largest  of  these  covers  about  800  square  miles,  and  the  oil  is  similar 
to  that  of  Ohia  Owing  to  the  laws  controlling  the  waste  of  gas, 
many  districts  have  not  produced  the  oil  they  might  otherwise  have 
done.  Some  of  the  salt-water  wells  produce  oil  in  good  quantities  if 
they  are  pumped  for  a  sufficient  time.  The  methods  of  drilling  and  of 
shooting  the  boreholes  and  pumping  the  oil  are  briefly  described,  and 
a  short  account  is  given  of  the  three  other  fields. 

Petroleum  in  Texas. — A  large  flowing  oil-well  has  been  sunk  near 
Beaumont,  in  the  south-east  of  Texas,  so  that  a  third  field  in  addition 
to  Corsicana  and  Nacogdoches  is  promised.  Oil  was  struck  at  a 
depth  of  1300  feet  almost  without  warning.  The  bottom  pipes  were 
violently  ejected,  and  the  flow  rapidly  increased  from  250  up  to  600 
or  1000  barrels  per  hour  about  January  16,  1901,  when  the  flow  was 
beyond  control.  Much  of  the  oil  was  being  saved  in  an  adjacent 
natural  depression  in  the  ground.  The  oil  appears  to  have  a  paraffin 
base  and  to  contain  sulphur.  A  considerable  depth  of  quicksand  was 
encountered.! 

According  to  W.  B.  Phillips  J  the  flow  was  controlled  and  the  well 
finally  closed  on  January  19,  or  nine  days  after  it  began  to  spout. 
Some  general  notes  on  the  oil  industry  in  the  State  and  its  prospects 
are  given. 

The  method  adopted  by  A.  F.  Lucas  §  for  stopping  the  flow  from  the 
great  gusher  at  Beaumont  consisted  in  lowering  an  8-inch  pipe  over 
the  solid  6-inch  stream  of  oil,  and  screwing  it  to  the  casing.  A  gate- 
valve  in  this  pipe  was  then  slowly  closed  to  direct  the  flow  through  a 
side  branch  6  inches  in  diameter.  It  was  then  possible  to  get  to  the 
foot  of  the  derrick  to  put  in  a  solid  foundation,  to  which  this  pipe  was 
anchored  before  shutting  the  valve  in  the  branch-pipe.  A.  R.  Ledouz 
states  that  the  oil  from  this  well  has  a  specific  gravity  of  0*925,  and 
also  <^ives  the  results  of  fractional  distillation. 

•  Pit  mini  m  Nn-irw,  \ol  iv.  j^p.  270.  ^'Wo.  :V2*2.  345. 
t  Ei>:nuctrin<j  >n>ti  Miniwj  Jimrnuf^  vol.  Ixxi.  p.  115. 
:  Ifml.,  pp.  175  17r.. 

§   Tr.iii.^,irthns  i'J  tht   Ahuncnn   In,^tituU  «•/ J/ih»m.(/ A^iiyriicrr*,  Richmond  Meeting, 
Fcbruiuv  11H)1. 
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Petrolouin  in  the  Philippines. — ^It  ia  stated  *  that  the  oil  it*- 

[dustry  has  cl«veloi»eii  considerably  in  the  Phnii>|nneFj  and  oil  h  being 

'worked  in  the  islands  of  Pauay,  Lnzoii^  Miiidaiiaoj  Negros,  Ginierai^^ 

and  others.     Mostly  the  oil  is  foujid  Iti  a  strata  several  feet  tliick  afc 

a  depth  of  ahoiit  350  feeL     The  wells  are  bored  with  heavy  wooden 

rods,  and  are  often  a  foot  in  diameter.     Soapstone  is  oftan  encountered 

I  and  worked.     The  methods  of  boring  and  of  distillation  are  crude  as 

la  rule. 


^ 


Methods  of  Boring  for  Petroleum.— W.  Wolskit  describes 
some  new  methods  of  boring,  which  have,  however,  not  as  yet  been 
put  into  actual  practice^     Instead  of  causing  the  rods  as  a  whole  to 
reciprocate,  only  the  lower  section  of  the  rods  or  the  tool  itself  is  given 
an  up  and  down  motion,  thereby  saving  the  friction  of  the  rodUing  in 
the  water.     This  is  done  with  tlie  water-iiush  system,  using  the  stream  j 
of  water  to  work  some  form  of  motor  placed  close  to  the  took,  so  as  to  ' 
drive  them  directly.     In  one  instance  the  motor  acts  like  the  water* 
ram  used  for  raising  water,  the  valve  being  ope  m  ted  by  the  rush  and  J 
stoppage  of  the  water, 

W.  Wolaki  I  discusses  the  strength  of  boring-rods  and  the  duration 
of  the  blow  on  the  tools,  mainly  from  a  matliematical  point  of  view, 

W.  Osborne  §  gives  a  colloquial  accovnit  of  the  operation  of  **  shoot* 
ing  "  a  borehole. 


Petroleum  Storage  in  India.— At  Bmlge-Budge,  on  the  right 
bank  of  the  Hooghly,  there  are  about  a  dozen  large  tanks  fur  the 
storage  of  Russian  and  Bnnnese  oil.  Their  capacities  range  from 
385,000  to  6+3,000  gallons,  and  they  are  built  of  iron  plates  varying 
from  f  to  j-incli  in  thickness;  6  and  8-inch  pipes  and  pumping  plant 
are  provided  for  filling  and  emptying  them.[| 


N 


Burning  Petroleum  in  Furnaces,— A,  af  ForselleslI  describes 
the  system  of  petroleum  or  masut  firing  devised  by  Hjalnmr  Kruselh 
This  method   of  tiring  is  rapidly  coming  into  extended  use.     The 

*  Mnpmeerinff  und  Mini  jig  Jaumal,  v^!.  lunu  pp,  145-146* 
f  Pujicr  reiic!  before  the  Int^rnntroiml  CbogrCM  of  Biiriog  Engmeert,  Fraiikfiitt,  through 
the  Fetr&teum  Hn^rw^  Tiil.  iiL  pp.  374^iJ75, 
X  GiUokati/,  Tol.  JEJiivlu  pp.  213-:2lti ;  Pdrofeum  iin-iVtu,  voL  Iv.  p*  346, 

I  American  MackinUt^  vol,  xxiii.  iip,  Mti-fi47. 

II  Indian  Bngijfeirhtff^  ToL  mviiL  pp.  373  374. 

If  Tckfti9k  THlskrif^^  1900,  pp,  79-82 ;  Ocatn-reit^kitehe  Etiii<!hrift  /flr  Ber^*  und 
Hmienweten,  vol.  %Ux.  pp.  BO  9L  , 


890 


TUB  IBO!T  JLirn  WrmL  riffDUSTHlES- 


Boaaut  is  obtnin^d  aa  a  residue  on  distilling  the  raw  petTOleum  at  i 
tempersture  of  about  300"  C.  Its  specific  gravity  is  about  0^90  lo 
0^91,  ami  it  takes  fire  in  an  open  vessel  at  about  100'  to  130'  C,  ih 
conibuation  to  CO^j  +  ILO  it  yields  10,500  calories,  its  chemical  com- 

position  being  about — 
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III  furnaee  construction  it  is  customary  to  Mow  2Q0  cubic  feet  of  m 
for  the  combustion  of  the  pound  of  masut.  Theoretically  maaut  his 
double  the  heating  power  of  coat  At  the  Kolpino  Works  it  was 
found  that  for  the  fusion  of  0*48  ton  of  brass  in  a  reverberating  funiAce 
1*12  ton  of  coal  was  necessaryi  but  only  0*368  ton  of  masut^  1  Ik  of 
tlie  latter  thus  replacing  3  lbs,  of  coaU 

The  process  now  usually  adopted  for  burning  masnt  in  tnetallnigicil 
works  is  the  new  chamber  method.     In  its  simplest  form  this  oodeisU 
of  a  rectangular  space ^  in  the  roof  of  which  are  placed  pipes  through 
which  the  masut  is  charged,  and  with  a  system  of  channels  in  the 
floor  throngh  which  enters  the  air  for  the  combustion*     The  mm  of 
the  chamber  is  naturally  dependent  on  the  quantity  of  loasut  to  b« 
burnt  per  hour.     It  has  been  found  in  practice  that  for  every  iO  lbs. 
of  masut  per  hour  a  chamber  space  of  from  12  to  15  cubic  feet  U 
necessary,     Tlve  height  of  the  chamber  is  a  most  important  matter. 
It  must  be  at  least  3  feet.     If  it  is  less  than  this,  the  ^^etroleum  residue 
dropping  down  from  the  roof  will  not  be  completely  gasified  befoj 
they  reach  the  floor.    The  method  of  calculating  the  chamber  dime] 
sion  is  given,  together  with  that  for  the  entering  air  channels  and  thi 
ciiannel  for  the  combnstioii  products.     The  temperature  in  the  coi 
hustion  chamber  is  placed  at  about  1200°  C.     The  store  vessel  for  the 
masut  is  kept  as  near  as  possible  to  the  cunibusition  chamber,  but  far 
enough  away  to  prevent  the  oil  heating  up  to  its  flaming-point,     Tim 
resiilueSj  after  gasification  in  the  chamber  just  referred  to,  are  coia- 
pletely  burnt  in  the  reverberatory  or  other  chamber  in  wliich  thcii 
heat  is  to  be  utilised*     In  a  reverberatory  furnace  it  was  found  tk 
a  temperature  of  2200'  to  2400°  was  attained  in  this  way,  while  the 
temperature  in  three  large  muffles  placed  in  this  furnace  varied  from 

040'  a  to  &80'  a 

The  masut  system  of  firing  has  one  disagreeable  objection.     This 
the  formation  of  coke.     To  avoid  difficulty  from  thia  the  shape  of  til 
gasification  chamber  has  to  be  so  arranged  that  tlie  air  used  in  the 
combustion  must  be  made  to  strike  against  those  point*!  where  tl 
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is  liabk  to  farm.  Thia  ib  the  spot  wl^ere  the  masut  strikes  against  tbe 
floor  of  the  chamber  from  the  pipes  in  the  roof  A  raised  brick  floor  or 
bridge  &t  tbis  point,  with  air  inlets  b&neath  it,  is  org  method  employed 
to  avoid  the  coke  difficulty. 

When  the  furnace  is  firat  lighted  it  is  heated  up  with  wood, 
When  this  is  well  alight  the  Are  door  is  closed,  and  a  little  masut  19^ 
allowed  to  drop  in.  The  higher  the  temperature  risea  the  more  masut 
is  charged  in,  until  the  ratio  between  air  and  masut  has  become  the 
correct  one,  and  complete  combustion  results.  The  larger  tlie  furnace! 
the  longer  must  it  be  pre-heateii  One  that  bnrns  from  80  to  120  lbs, 
of  masut  per  hour,  is  usually  heated  up  in  three  to  four  hours.  The 
regenerator  system  is  being  more  and  more  generally  adopted  in  con- 
nection with  this  system  of  firing. 

E.  L.  Orde  ^  describes  some  experiments  he  has  made  on  different 
methods  of  burning  oil  in  furnaces  for  raising  steam.  Mechanical 
steam -jet  and  air-jet  producers  were  tried,  but  preference  is  given  to 
the  method  of  vaporising  the  oil  by  heat  and  then  burning  the  vapour. 
By  distilling  the  oil,  previously  healed  nearly  to  the  boiling-point  by 
means  of  steam,  the  author  has  succeeded  in  vaporising  all  the  oil  with- 
out leaving  a  carbonaceous  residue.  From  15  to  16  lbs.  of  water  at 
212*  C.  werft  evaporated  per  lb*  of  oil. 


Ozokerite  in  QdAlQiSk, — J.  Muck  t  describes  the  ozokerite  mines 
of  Boryslav  in  Galicia.  With  regard  to  the  genesis  of  the  ozokerite  he 
adduced  evidence  in  support  of  Hoefer's  theory*  Formerly  there  was 
nowhere  in  Europe  where  mining  was  carried  on  in  a  more  primitive 
manner.  Now,  with  the  introduction  of  tlie  law  of  1898,  all  is  changed- 
Of  th«  10,000  small  old  shafts  few  are  to  be  seen,  and  in  their  place 
are  four  large,  well- equipped  shafts  ready  to  supply  the  world  with 
ozokerite. 


AsphaJt. — Pt  VV,  Heuiy  J  gives  some  facts  relating  to  the  asphalt 
industry,  and  inier  alia  describes  the  Trinidad  pitch  lake.  This  de- 
posit has  been  lowered  nearly  4  feet  during  the  past  eight  yearsj  or  at 
the  rate  of  one  inch  for  18^000  tons  extracted,  but  borings  made  by 
the  water-jet  method  showed  that  the  depth  was  over  135  feet  in  the 

*  Fnper  r«Ad  h«fom  the  Nortb-Eut  Coftit  Institution  of  En^neert  iu)d  Shipbniklers, 
through  tUe  Etvjinc^r.  vot  3tc.  p.  575. 
t  ZtUtchrifi  d€t  Oeatern  In^enieui"  nnd  drcUitekten  Tereinaf  irul.  liii,  pp.  213-214. 
t  Engineering  N'tiot,  vol.  xlv.  pp.  l«2-iS0, 
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centre.  It  was  not  possible  to  bore  deeper,  as  the  movement  of  the 
material  threw  the  casings  out  of  plumb.  The  material  is  dug  with 
picks  before  dawn,  as  it  is  then  comparatively  brittle,  and  is  loaded  iuto 
buckets  on  flat  trucks  hauled  by  cable  to  the  end  of  a  wire  ropeway  on 
the  Bleichert  system.  The  cable  tramway  is  laid  on  a  sort  of  cordnroj 
road  across  the  surface  of  the  lake.  The  wire  ropeway  terminates  it 
a  pier  1700  feet  long,  which  gives  a  depth  for  shipping  of  30  feet 
Some  of  the  material  is  refined  on  the  spot^  but  most  of  it  is  exported 
in  its  raw  state,  containing — 

Bitumen.        Water.        Mineral  Matter.        Organic,  insolable. 
40  28  25  7 

The  mineral  matter  is  exceedingly  fine  sand  and  clay  in  a  state  excel- 
lently adapted  for  asphalt  paving. 

The  Bermudez  asphalt  lake  covers  about  1000  acres,  or  nine  times 
the  area  of  that  in  Trinidad,  but  in  many  places  it  is  only  2  to  10  feet 
in  depth.  It  contains  on  the  average  31  per  cent  of  water,  and  1  to  3 
per  cent,  of  mineral  matter.  It  is  much  softer  than  the  Trinidad 
material.  It  is  loaded  on  to  side-tipping  cars  running  on  a  portable 
track  on  the  lake,  and  then  tipped  into  railway  waggons  which  carry 
it  to  the  shipping  port,  five  miles  distant,  on  the  Ouanoco  Biver.  The 
asphalt  deposits  of  California  and  other  States  are  also  briefly  described 

A  sketch  map  is  given  *  of  the  asphalt  district  in  Venezuela,  concern- 
ing which  there  is  at  present  some  discussion  between  the  Government 
of  the  country  and  that  of  the  United  States.  The  asphalt  is  found  in 
a  lake,  or  possibly  one  or  two  detached  lakes,  on  the  east  of  the  Gulf  of 
Paria.  Some  of  the  rivers  and  creeks  run  close  up  to  it,  so  that  a  short 
tram  line  joins  one  of  the  mines  to  the  wharf,  and  a  proposed  railway 
will  give  an  outlet  direct  to  the  sea.  The  district  is  largely  mangrove 
swamp,  but  is  said  not  to  be  very  unhealthy,  and  labour  is  cheap. 


\L— NATURAL  GAS. 

Natural  Gas  in  Bavaria. — During  boring  operations  at  Bienwald, 
in  December  hist  year,  gas  was  struck  at  a  depth  of  950  feet.  In 
escaping  it  ignited,  and  for  several  days  continued  to  burn,  the  flames 
reaching  a  height  of  about  33  feet.  Analysis  shows  the  gas  to  contain 
80  per  cent,  of  marsh  gas.f 

*  Enpinceriiifj  and  Mniiuij  Journal ^  vol.  Ixxi.  p.  303. 

t  Of'stcrrvichische  Chem.  Tcchnikcr  Ztitung^  JaD.  16, 1901,  p.  6. 
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Natural  Gas  in  the  United  States.— At  the  close  of  1899  there 

were  in  the  United  States  9333  natural  gas  wells,  as  compared  with 
463  iti  1898.  Tim  value  of  the  gas  produced  iia  1899  was  20,024,864 
dollars,  as  compared  witb  15,206,813  dollars  ni  1898.  Tlie  vwhie  of 
the  g&&  in  Indiana  was  6,680,370  dollars^  in  Pennsylvania  8,337,310 
doilar^  in  West  Virginia  2,335,864  dollars,  and  in  Ohio  1,866,271 
dollars.  The  remaining  producing  States  had  but  small  outputs.  The 
average  price  was  18*5  cents  per  1000  cubic  Teet,  * 

Natural  Gas  Tests, — A  test  was  made  in  the  ordinary  working 
of  a  ateel-mill  at  Pittabur^j  to  determine  the  relaiive  values  of  natural 
gajs  and  of  coal.  The  results  are  given  by  A.  J.  Hollis.t  With  a 
14-inch  mill,  in  five  turns^  57  tons  were  made  with  a  consumption  of 
272,380  cubic  feet  of  gas,  as  compared  with  39  tons  from  470  bushels 
of  coah  In  an  IS^iiich  mill  tht;  gas  congumption  was  179,490  cubic 
feet  for  36  tons  of  steel,  and  175  bushels  of  coal  for  17  tons  of  steel. 
The  average  saving  in  tlte  two  cases  by  the  use  of  the  natural  gas 
amounted  to  about  Is.  4d,  per  ton  of  prodnct. 


Natural  Gas  in  China*— J*  V,  B,  Murdoch  |  gives  some  notes  on 
the  brine  and  oil  wells  in  the  province  of  Szechuan^  which  are  found 
over  an  area  of  about  90  square  miles.  About  seventy  wells  are  said 
to  produce  gas  which  is  used  for  evaporating  the  brine.  The  life  of  a 
gas  well  is  three  to  tweiity  years,  and  their  depth  from  2200  to  3300 
feet     Wells  producing  oil  are  exceptionaU 


r 
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Gas -Producers. — A.  Wilson  g  describes  several  of  the  forms  of  gas- 
producers  now  in  use,  and  deals  at  some  length  with  the  use  of  gas  for 
obtaining  power  by  the  means  of  gas-engines,  of  which  many  forms  are 
Illustrated  and  described. 

F.  J.  Rowan  ||  gives  plans  and  some  illustrationa  of  the  Duff  pro- 
ducers  and  ammonia  recovery  plants  which  has  been  at  work  for  about 
two  years,  gasifying  500  tons  of  slack  weekly. 

*  Siahl  and  Ei^en,  vol.  xi,  p,  1067, 

t  PKper  read  before  the  Xnititution  of  Mining  And  Metftllurg;,  May  15, 1901. 

I  Jmirnal  of  the  Wttt  of  Scoifmifi  /m«  urid  Strd  InaUiuU^  vol*  viii.  pp,  135-166. 

II  Irtm  wid  Cml  Tradu  iUviev,  toL  Ixii*  pp.  B8-70. 


¥ffE  TRON  AHD  STEIL  TPfDUSTRIia!* 


F.  J,  Rowan*  deals  with  protjucer  gas  und  ite  appUcatioB.  Ihi 
rationale  of  gas  produetion  is  first  discussed  od  getieral  tinei,  afW 
which  the  history  of  the  subject  is  briefly  considered.  Special  atten- 
tioa  is  given  to  the  Duff  producer  plant.  The  oomposition  of  fuel  gss 
is  then  cousidared,  and  some  descnption  is  given  of  the  Wibo^, 
DawsoBp  aud  other  producers.  The  methods  of  removing  impurities 
and  recovering  by-products  from  the  gas  are  then  discussed,  dia^niiu 
of  several  plants  being  given.  The  applications  of  gaa  for  firing 
different  types  of  furnaces  is  then  de^lt  with,  with  the  aid  of  a  number 
of  sections  of  furnaces. 

Illustratiooa  have  been  publisbed  t  of  the  Duff  gas-prod ticerB  md 
their  by-product  recovery  plant  at  Widnes* 

Illustrations  are  given  |  of  the  Fraser-Talbot  gas-producer,  which 
has  a  conical  bottom  and  water-seal,  central  blast,  and  a  mechaaicat 
stirreFi  The  latter  consists  of  a  vertical  shaft  carrying  two  arms,  oue 
horizontal  and  the  other  inclined,  The  slmft  and  arms  are  water- 
cooled,  and  are  given  a  combined  rotary  and  vertical  motion  bj  tneani 
of  gearing  which  is  designed  to  allow  for  slip  or  cessatioa  of  the  ver- 
tical movement  if  a  large  and  hard  piece  of  clinker  is  encountered.  Tlie 
producer  has  two  feeding  hoppers  with  Bildt  or  other  automatic  feed. 

Dimensioned  sections  of  the  Morgan  gas-producer  and  a  photograph 
taken  on  the  charging-floor  of  a  row  of  them  to  show  the  Bildt  auto- 
matic charging  apparatus  have  appeared.  §  The  producer  is  of  barrel 
section  internally,  the  largest  diameter  being  10  feet,  and  it  has  « 
water-seal  bottom  and  a  central  air  and  steam  supply.  Some  tests 
showed — 
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In  a  week's  work  8 '4  to  8-8  lbs.  of  coal  were  burnt  per  square  foot  per 
hour,  and  164  lbs,  of  coal  were  used  per  ton  of  steel  heated. 


*  Iron  awi  Catd  Trada  Jimf  w»,  vol.  Ixii.  pp.  124.  186.  3S7,  500,  Tl^  9SI. 
t  EnffineeHn§^  vol.  IxxL  pp.  41-43. 
$  Irvn  Agti  February  14,  1001,  pp.  S-9. 
I  Ihid.,  JanoarylT.  1901.  pji.  12-13. 
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G.  VeUeiiian*  discusses  continuous  and  intermittent  producers  work- 
ing on  water  gas.     Tl»e  treatment  is  largely  mathematical. 

The  preparation,  usee,  and  hygienic  significance  of  water-gas  are 
diBcussed  by  P.  Eoeaeler,!  The  paper  contains  a  brief  bibliography 
[>f  the  subjects 


HOBd  Qs^. — ^H,  A.  Humphrey  J  discusses  the  nse  of  power  gas  in 

large  gas-engines  for  central  station  purposes.     The  Mond  producer 

plant  at  Winnington  in  Cheshire  is   taken  as   the  gas  plant,  being 

shortly  deacribed,  and  then  the  use  and  cost  of  the  method  is  dealt 

L^witb. 

^1  A.  Rollasong  deals  with  the  manufacture  of  Mond  gas  in  central 
^ntations,  and  its  application  to  the  coals  in  Sta^ordshire.  Other 
^particulars   of  the   Mond  gas   scheme  for   South  Staffordshire  have 

appeared.  || 
^K     The  Mond  plant  at  Trafibrdj  near  Manchester,  is  also  illustrated, II 
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The  Uses  of  Boreholes  in  Coal  Mining.— An  account  is  given  ** 
of  the  various  uses  to  which  boreholes  can  be  put  in  collieries,  and 
references  are  given  to  the  original  sources,  in  which  these  usea  are 
I      more  fully  described.     In  the  Wyoming  Valley  boreholes  are  put  down 
^■shead  of  the  workings  to  show  where  the  quicksand  of  the  alluvial 
covering  is  too  near  the  roof*     Boreholes  are  used  in  several  districts 
for  draining  gas  from  old  workings,  and  are  best  employed  when  blow- 
ing fans  are  at  work ;  with  exhaust  fans  they  are  not  of  much  use. 
Tliey  are  also  used  in  advance  of  the  workings  for  draining  gas  or  water. 
Moving  ropes  for  endless  or  other  rope  haulage  are  carried  down  bore- 
rs holes  ;  steam  pipes  and  water  pipes  are  laid  in  them,  or  compressed  air 
^Bpipes.     Culm  flushing  for  filling  old  workings  and  for  extinguishing 
^Ure  is  well  known  as  carried  on  through  borings.    When  the  borehole 

^1      *  Xei  Ga§t^en^i  continut  tt  dUconiinuM^  L^on^  1900, 

t  YieriftjahvnrArifi  fitr  fifentlkhe  OetfundheU^ege,  1900^  p.  410. 
J  Proce&iinff9  of  the  IrustUnWoHr  of  MfchaniccU  Efigine^gt  1901,  pp.  41- 2-17. 
§  Pap«r  Tpad  before  the  South  Staffordshire  XraD  aud  3t««l  Iciiti|;at««  Fefariuirj  9, 
1901. 
II  Enffiif^^^  yoh  3tci.  pp,  2S7,  309- 
^  OoUi^TM  Ouardian^  toL  Ixxii.  p.  740. 
*•  Sngin^ritiff  m^4  Mining  Jgur-rwlf  vol.  Ixi.  pp*  6i)9-700, 
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pftSies  through  solid  rock  H  need  Dot  be  tined,  and  may  h^  used  as  & 
rising  main  for  the  pumpa.  If  the  rock  is  defective  the  crocks  may  be 
filled  in  with  cemei^t. 

Illustrations  have  appeared  *  of  an  arrangement  by  vrfaJch  dril]mg 
rods  are  BUsj>eaded  from  the  end  of  the  boring  bar  by  means  of  s 
strong  spiral  spring. 


Shaft  Sinldng. — H*  C.  Cole  t  deGcrlbes  the  San  dwell  new  sinkutg* 
at  West  Eromvvich,  South  Staffordshire,  where  the  tlirck  coaJ  wu 
struck  at  a  depth  of  330  jarda.  It  is  here  6  feet  thick,  in  the  neigh- 
bourhood  of  the  Oxhill  fault,  and  the  heathen  coalf  3  feet  thick,  i^ 
immediately  below.  Au  inset  was  made  at  a  depth  of  347  jards,  sud 
a  heaAUug  is  being  tl  riven  to  the  wi^st  Ut  meet  the  coal  A  Hathons* 
Davey  compound  pumping-engin©  lifts  6000  gallons  hourly  from  a  lodge 
135  yards  down  the  shaft.  The  pump  and  boilers  are  described,  and 
a  short  account  is  given  of  the  sinking  and  hauling  engines. 

W,  \¥ashington  J  describes  the  deepening  of  the  shafts  from  the 
Barnsley  seam  to  the  Pai^kgate  seam  without  interfering  with  the 
r  winding  of  coal  at  Mitchell  Main  Colliery. 

J.  L.  C,  Eae§  gives  an  account  of  the  sinking  of  the  Sydney 
Harbour  Collieries, 

According  to  F.  Laur,[|  the  deepest  shaft  in  France  is  the  Arthur  de 
Buyer  Pit  of  the  Ranchamp  Collieriegj  which  was  completed  in  Novem- 
ber 19Q0.  Its  depth  is  3312  feet,  and  its  internal  diameter  is  IB  feet 
It  is  walled  from  top  to  bottom,  and  ha^  205  feet  of  caat  iron  tubbing* 
The  sinking,  walHng,  and  installation  of  the  tubbing  and  guides  hm 
occupied  sixty  months.  The  rock  temperature  is  10*5'  C*  at  a  depth 
of  10  yards,  and  47 '5''  C.  at  the  bottom.  The  sinking  has  been  carried 
out  under  the  direction  of  Poussigue. 

E.  W^ry  5!  describes  the  Portier  method  of  repairing  pit  tnbbingsw 
This  consists  in  the  injectfon  of  slow-setting  cement  very  finely  ground 
and  diffused  through  water  into  the  space  behind  the  tubbing* 

An  illustrated  description  is  given  **  of  the  methods  employed  for 


4 

I 
I 


*  Enffinrcrmg  ami  Mininff  J»umal^  rol.  Ixx.  p.  733. 

t  Journal  ofihf  Britith  Socieiff  of  AfimV^  JStttdenU^  v<th  xiiii.  pp.  Sd-42. 

X  Ti^ntacU^u*  of  the  luttilittioti.  (if  Mininff  EngiHearg,  toL  ii.  pp.  US-NO. 

I  E»giQ«<;tiiis  AtjHicifttion  uf  Kcw  South  Wulet;    OoUierff  QuaTdian,  iroL  Uxii^^ 

[|  ^cfiQ  dta  Minett  vol.  xzvii.  p.  1443. 

If  Mevae  UniveritUt  dr»  Mint^^  toI-  1L  p.  29i5» 

•*  Iron  aiid  Ooai  Trad^t  .Review,  vol.  ki.  pp.  941-943. 
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deepening  the  No.  2  shaft  of  the  Rhein  Elbe  aad  Alma  Colliery  below 
the  fourth  level  at  a  Jeptli  of  388  yards  without  interferijig  with  the 
ordinary  winding.  An  electric  hoist  was  placed  at  the  third  level, 
and  used  to  raise  the  spoil  to  the  fourth  level,  where  it  was  transferred 
in  the  tubs  to  the  ordinary  winding  apparattis,  the  lower  parts  of  the 
shaft  being  protected  by  scaffolding.  A  eiiapended  electric  pump  was 
ased  for  dealing  with  the  water.  Illaatrattons  of  the  appliances  with 
full  particulars  of  them  are  given, 

Stegemann  *  publishes  an  account  of  the  sinking  of  a  new  shaft  at  the 
aria  Collieries^  near  Aixda-Chapelle,  The  shaft  was  13  feet  in  diameter, 
and  was  intended  for  ventilation  as  well  as  winding.  The  first  part  of 
the  boring,  to  a  depth  of  about  2000  feet,  offered  no  particular  diffi- 
culties, but  the  Upper  Tertiary  layers  contained  so  much  water  that  it 
was  decided  to  solidify  the  strata  by  freezing  them.  To  tliis  end  a 
elrele  of  holes,  24  in  number  and  about  9  inches  in  diameter^  were 
bored  all  round  the  workings,  into  which  the  freejcing  i>ipes,  i  inches 
diameter,  were  lowered  ;  inside  these  again  were  placed  the  brine  pipes, 
of  1  inch  internal  diameter.  The  brine  was  forced  down  into  the 
latter  by  a  pump  on  the  surface,  and  returned  through  the  annular 
space  between  tlie  larger  and  smaller  pipes ;  it  was  tht^n  led  into  the 
cooling  vessel  of  the  refrigerator,  and  again  circulated  through  the  pipes. 
The  cooling  agent  employed  was  carbonic  anhydride,  expanding  from 
60  to  15  atmospheres.  It  was  possible  to  resume  boring  operations 
within  four  months  from  the  time  of  putting  down  the  freezing  plant, 
and  the  work  was  then  completed  without  further  hindrance.  Full 
details  of  the  operations  are  published^ 

A  long  account  of  a  sinking  by  tlie  freezing  process  has  been  pub- 
lished,! Especial  attention  is  given  to  the  fracture  of  the  briue 
pipes. 

Winding  Appliances. — D-  Burns  I  shows  how  the  weight  of  the 
Birinding  drum  affects  the  power  and  time  of  winding,  and  gives  illus- 
*  trations  of  two  large  drums,  of  which  one  is  built  of  mild  steel  with  an 
openwork  Btructnre  to  reduce  the  weight, 

H.  Hall  §  gives  some  notes  on  the  use  of  electro-motors  for  winding 
at  a  small  colliery  in  the  8t.  Helen's  district.  The  current  is  obtained 
from  a  local  tramway  company* 

•  QlUehtufj  *d,  iPCJiTii.  pp,  1-5* 
t  Annnlei  d*s  Mines ,  toJ,  xviii,  pp.  37^-484* 

X  TriMuaciions  of  ikt  Xti^litulion  of  Mining  Mf%^tne€r»^  toI.  h.  pp,  49^54,  164-1 5ft. 
^B    §  Trttntctctiont  Gftke  Manchuttr  Geologittil  Soekt^t  February  1901. 
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J.  Horner^  illustrates  a  number  of  portable  and  fixed  hoisting 
engines  driven  by  steam,  electricity^  and  compressed  air,  and  used  for 
different  purposes. 

S.  F.  Walker  f  describes  various  forms  of  apparatus  used  for  the 
j)revention  of  over-winding,  especially  Bertram's  visor,  the  Lymm  and 
Critchley  apparatus,  and  two  appliances  used  at  St.  £tienne.  Varioos 
suggestions  are  made,  and  it  is  proposed  that  the  power  at  present 
wasted  in  braking  should  be  utilised  by  being  converted  into  electric 
energy,  which  would  bo  available  to  aid  the  next  wind. 

K.  Habermann  I  describes  the  Wodrada  controller  for  winding- 
engines. 

Illustrations  are  given  §  of  the  appliances  used  at  St  Etienne  for 
applying  the  brakes  and  reversing  the  engine  to  guard  against  over- 
winding. 

An  ilhistration  is  given  ||  of  a  25 -ton  Ormerod  safety-book,  and  of 
the  bell  used  with  it. 

Illustrations  are  given  f  of  the  barriers  used  at  Montrambert 
Colliery. 

Illustrations  are  also  given  **  of  the  steel  pit  headgears  at  Deep 
Navigation  pit,  Treharris,  at  Lamb  pit,  Cramlington,  and  at  Hazlerigg 
Colliery,  Northumberland. 

W.  Miillertt  defends  the  Koepe  system  of  winding.  The  first 
installation  of  this  character  was  put  in  operation  in  the  Kuhr  coal- 
field at  the  Hanover  Colliery  on  September  3,  1877,  but  it  is  only 
within  the  last  ten  years  that  the  method  has  been  extensively 
adopted.  In  tabular  form  details  are  given  of  the  installations  at 
twenty- five  shafts. 

Tiie  Koepe  winding  plant  at  Sneyd  and  at  Walsall  Wood  Collieries 
and  also  at  a  German  colliery  are  described,  with  the  aid  of  illustra- 
tions. J  J  The  arrangement  and  construction  of  the  pulleys  and  the 
advantages  and  disadvantages  of  the  system  are  dealt  with  at  some 
length.     The  Whiting  endless  rope  system  is  then  described,  and  also 

*  C<u<si<rs  Magazine^  vol.  xix.  pp.  492-505. 

t  Pn  ciniinfjs  of  tfn  South  Wafct  Institute  of  Engineers,  voL  xxii.  pp.  121-131. 
+  Oc:>t€rrcichischc  Ztitsfchrift  fiir  Ikrg-  und  HiiUenwesen,  voL  xlix.  pp^   227-228; 
CoUicvy  Guardian,  vol.  Ixxxi.  p.  9<J6. 
§  CoIHirt/  Guardian,  vol.  Ixxxi.  pp.  68-09. 
\'  Iron  and  Coal  Trades  Rcricir,  vol.  Ixi.  p.  1101. 
•:  P'id.,  vol.  Ixi.  p.  IKVS. 
*•  Ihid.,  vol.  Ixii.  p.  ,^71. 
++  Gliickauf,  vol.  xxxvii.  ]>p.  2r>8-2C>4. 
1^  Ewjinca;  \oh  xci.  pp.  hSl-lK>,  o»)(>  31^7. 
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Marsliall  and  Hopwood*B  trayersing  guide-pulleys  for  preventing  the 
angling  oftha  rope  wound  on  wide  druma, 

W*  8.  Gresley  *  proposes  to  replace  winding  machinery  l>y  an 
adaptation  of  the  man  engine.  Automatic  appliances  would  be  used 
,lo  transfer  the  tubs  from  one  set  of  platforms  to  the  other. 

Winding  Ropes.— F.  H.  Probert  f  gives  some  notes  on  the  testing 
of  winding  ropes  in  the  duchy  of  An  halt  in  Germany,  where  very 
Btriet  regulatious  are  in  force,  A  spare  rope  must  be  kept  Iianging  in 
the  shaft,  and  the  cage  must  be  hung  on  it  for  twenty-four  hours  ( 
before  winding.  fSj>ecial  te^sts  must  be  maJe  before  use  and  at  fre- 
quent  intervals.  The  guides  and  ropes  are  inspected  every  fortnight. 
For  testing  the  strength  of  the  rope  a  length  of  about  a  metre  is  cut 
out  near  the  cage  end,  and  each  wire  is  tested  separately  in  tension 
and  in  torsion.  Any  wire  which  is  20  per  cent,  under  the  average 
tensile  strength  is  neglected.  The  sum  of  the  remainder  is  then 
divided  by  the  working  load  when  winding  ore  or  men,  and  should 
give  safety  factors  over  six  and  over  ten  respectively.  Any  wires 
which  have  failed  to  pass  the  torsion  tests  are  also  neglected  in  making 
the  calculation.  A  rope  may  not  be  used  moi%  than^three  years 
without  special  permission.  The  results  of  a  large  number  of  tests 
are  appended. 


'  the  underground  rope  haulage  at  G  lap  well  Oolhery,  where  the  rope  is 
I  worked  on  the  tops  of  the  tubs  in  the  steepest  part  of  the  workings 
^pand  below  the  tubs  elsewhere.     A  number  of  tests  were  made  from 

which  the  coefficient  of  friction  for  fuU  tubs  was  determined  as  1  to 

56,  and  for  empty  tubs  1  to  30. 
^t      A.  T.  Thomson  g  describes  the  haulage  at  Manvers  Main  Gollienes, 

where  the  ropes  for  the  main  and  auxiliary  lines  are  worked  by  electro* 

motors. 

1^.   M.  Thornton  ||  describes   the  endless   rope   haulage  at  Felton 
Colliery* 
B.  J.  Routledgef  describes  a  method  of  working  an  underground 
incline  with  a  number  of  branches  by  means  of  a  soH:alled  loose  ^'  tail- 

•  PfUftedifiQ*  f>f  the  Sontk  Wakt  JnttUuU  of  EnginMrs,  toU  Jixji  pp.  79-^5. 
t  TranmMimit  of  the  Amenean  IniiiltUe  vf  Minhtg  Engiaeert^  AuKUnt  1900» 
I  Tramacti^nt  of  (he  IntlUulion  of  Mining  Engi'iicertf  vol.  %ii.  pp.  llO-llfl, 
%  rbiit.,  viiL  jtK.  pp,  2D^84.  II  Ibid,,  vol.  ut.  pp.  195-20L 

H  Mimt  ^^id  MiaeraU,  vol.  xxi.  p.  141 » 
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TopeJ*  ThU  rope  Is  hitched  to  the  loaded  tuba  at  the  br&nch  and  1 
the  full  set  at  the  end  of  the  main  haulage,  and  is  dropped  at  both  endftl 
when  the  tubs  from  the  branch  reach  the  collecting  point.  An  emptf ' 
aet  is  then  attached  to  the  end  of  this  rope,  and  runs  back. 

Borne  sketches  are  given  of  the  brakes,  ptilleji,  and  other  applianeai 
used  on  a  self-acting  incline  at  Aldwarke  Main  Colliery,  near  EiotherhtiD, 
Yorkshire,  for  lowering  twenty- four  tubs,  each  holding  10  cwt,  at  & 
time,*  i 

Sketches  are  given  of  the  old  and  new  forms  of  haulage  roads  used  ' 
at  the  Whitehaven  Collieries^  where  extensive  iraprovemeota  are  being 
made.t 

A  method  of  calculating  the  proportions  between  the  gradient  and 
length  of  inclines  and  the  load  moved  and  the  speed  attaitied  is  firen.J 

W.  W.  Core  g  discusses  the  methods  of  placing  the  rope  sheaves  on 
curves, 

F.  O,  Solomon  [|  deals  with  the  feeding  of  horses,  with  especial 
reference  to  colliery  studs,  Tlie  composition,  digestibility,  and  quan- 
tity of  food  required  are  described,  and  the  substitution  of  one  kinj^^ 
food  for  another  is  discussed, 

IL  K.  Myers  H  gives  the  weight  of  electric  locomotives  running 
'  six  to  eight  miles  per  hour^  with  intermittent  load,  aa  400  lb&  for 
each  horse-power  rating  of  the  motors,  and  the  weight  should  be  eighil 
times  the  rated  draw^bar  pull,  regardless  of  the  Bpeed.  If  the  work  if 
continuous,  these  weights  may  be  reduced  25  per  cent.  Tables  are 
given  showing  the  size,  current  used,  draw-bar  pull,  and  other  details 
of  the  ordinary  sizes  on  various  gradients^  and  the  characteristic  cun'ei 
of  one  machine  is  given.  The  method  of  calculating  the  ai^e  issbown^ 
And  the  use  of  electric  locomotives  generally,  and  the  conditiotis  of  fkt 
permanent  way  and  other  details,  are  discussed.  The  author  has 
also  **  dealt  with  compressed  air  locomotives  on  similar  lines. 

Illustrations  of  two  electric  locomotives  for  mining  u$e,  one  eoa^ 

itrueted  in  1889  and  the  other  of  the  latest  form,  are  given  ft  for  tits  m 

'a&ke  of  comparison.  H 

J.  S.  Cuuningham  H  describes  the  haulage  methods  in  use  at  Wiud^ 


1 


*  /f^on  aiKt  Cfi0i  Trade*  Review,  toI-  \yd.  p*  IS^  f  J&tti,  woL  txIL  pt  833> 

t  MirnA  and  Minenh,  roL  xxi  pp.  2S4-3S6b 

!  /Met*  "nA,  X3P.  pp.  !?rO-37l. 

0  t^mnmeUom  q/^  Jnttiimion  ofMimit^  S^mi»i,  w6L  adx.  ppt  179-^91, 

%  Mmt9  mmd  Mineral*,  toI.  xxt  pp,  399^^X7. 

^  iML,  p^  iss-ida  tt  mm.,  ir^  xxi  ^  aos. 

n  iM^  ^t  txl  pp.  340-341. 
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er  Colliery  in  Somerset  and  Cambria  Counties,  Pennsylvania,  and 
gives  a  plan  of  the  workings,  which  are  on  the  single  entry  system- 
Six  electric  locomotives  are  at  work,  and  each  haula  250  to  350  tons 
daily. 

W,  B.  Clarke  *  gives  some  practical  notes  on  the  choice  and  on  the 
working  of  electric  locomotives. 

Electricity  in  MineSp — K  H.  Hewlett!  discusses  the  uites  of 
electric  transmission  of  power  in  mines^  and  contrasts  alternating  with 
continuous  current  systems.  The  plant  "at  Mount  Morgan  mine  in 
Australia  is  described, 

W»  Wendelin  J  gives  descriptions  of  electric  power  installations  in 
operation  at  various  collieries^  Some  notes  on  the  application  of 
Bleetricity  to  the  different  brancliea  of  the  mining  industry  are 
published, 

C«  T.  de  TolentLno§  discusses  the  application  of  electricity  to 
mining, 

A  Bupplement  to  the  Iron  and  Coal  Trader  Retiew\\  deals  with  recent 
progresi  in  the  application  of  electricity  to  coal-mining  operations. 
Electrically  driven  fans,  hoists,  winding  and  haulage  engines,  drills, 
&0.J  are  £t^t  dealt  with,  K  X.  Scott  then  discusses  electric  haulage^ 
showing  how  to  calculate  the  size  of  the  motor  required,  and  giving 
details  of  the  sizes  and  costs  for  main  and  secondary  haulage,  E,  D^ 
Phillips  deals  with  the  economy  of  the  application  in  collieries  and 
steel  works,  and  the  subject  is  also  discussed  by  J.  E,  Ilodgkin.  A 
description  is  given  of  the  three^piiase  plant  at  Park  Collieries,  Gars- 
wood,  Lancashire,  and  elsewhere.  Pumping  plant  is  also  described  for 
the  Planitz  Colliery,  Zwickau,  and  a  number  of  illustrated  descriptions 
of  electric  locomalives  are  appended, 

Tlie  electric  power  and  lighting  plant  at  Ackton  Hall  Colliery,  near 
Pontefract^  ia  described,  with  the  aid  of  a  number  of  illustrations. 
Parsons  steam-turbines,  coupled  direct  to  the  dynamos,  are  extensively 
U3ed.1I 

An  illustrated  account  is  given  **  of  the  electric  equipment  of  the 

^'  Mnies  and  MincraU,  ¥ol.  xxl  pp.  S89-391. 

t  Tranmctio^^  ofikt  Autiraluavftn  Imtitute  o/Mimnff  Eiv^^inetrs,  vol.  vL  pp,  226-247. 
*  Buftetiri^  tie  la  SociM  dt  i'littimtHe  Miti^raiet  vol-  %iv.  py.  lOBl-1127. 
g  Rei-iata  M intra,  viiL  lii,  pp.  229-230, 
tl  Vul,  III.,  December  21,  19<K). 
IT  Volti^ij  Quardian,  vul.  Ixixi.  pp.  179'lSl, 

♦*  aUctrictd  W(^rid^  1900^  pp-  84(5-847  ;  Iron  atid  Coal  Ttadei  Bepieifff  vol  IxL 
pp,  999-1003. 
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Sn^yd  Colliery,  Bunlem.  The  generator  at  present  employed  is  a  ten- 
pole,  50-kilowatt,  three-phase  current  Westinghonse  machine,  and  it 
supplies  current  for  pumping  and  hauling. 

Some  illustrations  have  appeared*  of  electrically  driven  air-com- 
pressors, made  at  Ipswich,  for  use  in  the  workings  of  collieries.  It  is 
considered  that  they  may  he  used  with  advantage,  as  the  power  is 
readily  taken  into  the  mines  without  the  expense  of  a  long  length  of 
pipes  for  compressed  air,  and  can  be  converted  so  as  to  drive  the  drills 
or  other  machinery. 

S.  F.  Walker  f  discusses  the  cost  of  a  horse-power  at  a  colliery, 
and  shows  the  various  items  entering  into  the  consideration. 

J.  P.  Jackson  X  discusses  the  use  of  electric  transmission  of  power  in 
collieries,  and  especially  its  application  to  electric  locomotives  and  coal- 
cutting  machinery. 

J.  £.  Hardman  §  gives  a  number  of  illustrations  of  the  application 
of  electricity  in  an  article  on  the  practical  management  of  mining 
operations. 

F.  C.  Perkins  ||  describes  the  electric  generating  plant  at  Essen  on  the 
Ruhr,  consisting  of  three  1000-kilowatt  and  two  500-kilowatt  alter- 
nators, giving  current  at  5000  volts.  The  boilers  are  heated  by  gas 
from  coke  ovens  at  a  neighbouring  mine. 

The  electric  installations  at  the  Adolf  von  Hansemann  Colliery  at 
Mengede  are  described  by  R.  Goetze.H 

0.  Galiriiig**  describes  the  electric  power  station  at  the  Emma  brown 
coal-mine  at  Streckau.  The  waste  gases  from  the  distillation  of  the 
brown  coal  are  used  for  driving  gas-engines  that  generate  the  electric 
current. 

A  recent  report  by  H.  C.  Jenkins  ft  deals  with  the  utilisation  of 
brown  coal  on  the  spot  where  it  is  mined  as  a  sour(^  of  power  for 
transmission  to  a  distance  by  electrical  means,  with  special  reference  to 
the  transmission  to  Melbourne  from  Gippsland.  Except  for  pumping, 
the  mining  of  the  brown  coal  would  not  present  much  difficulty,  and 
the  fuel  might  be  gasified  in  producers  and  the  gas  used  for  raising 

*  Iron  and  Coal  Trades  JicvicWy  vol.  Ixi.  p.  1109. 

t  Journal  of  the  Jiritish  Sorietif  of  Afinintj  Students,  vol.  xi.  pp.  9^101. 

t  Jiiurnal  of  the  Franklin  InKtitute^  vol.  cli.  pp.  29-50. 

§  EwjineeriHij  Maoazine,  vol.  xx.  pp.  6(55-684. 

!1  Iron  Aije,  March  21,  IIWI.  pp.  1-2. 

1i  (fluckaitf,  vol.  xxxvi.  p.  1029.  with  three  plains. 

**  Ibid.,  vol.  xxxvii.  pp.  410-414. 

ft  Dopurtineiit  of  Mines,  Victoria,  1900. 
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The  cost  of  the  electric  plant,  including  tlie  line  wires,  would, 
irer,  be  so  great  tbafc  the  method  cannot  compare  with  that  of 
carriage  by  rail,  whicli  at  present  is  about  one  penny  per  ton-mile» 

Compressed  Air  in  Mines*^ — C.  Jungst*  describea  in  detail  the 
fcom pressed  air  plant  at  ihe  Uamphaiisen  ColUcry,  Saarbriicken.  On 
■^opening  up  the  colliery  in  1872  compressed  air  was  used  for  driving 
the  rock  drills  used  for  shaft  siuking.  For  this  purpose  a  wet  com- 
pressor maiie  by  Humboldt  was  installed,  and  is  still  in  operation. 
Later,  in  1886,  a  amaU  dry,  quick-running  compressor  by  Klein, 
Schanzliij,  and  Becker,  of  Frankenthal,  was  installed  as  a  reservei  but 
after  a  few  years  was  discarded.  In  1895  a  seGond  wet  compresiior, 
made  by  the  Dingier  Company,  of  Zweibriicken,  was  procured,  Tiie 
compressed  air,  originaliy  used  only  for  drills,  is  now  employed  for 
pumping,  winding,  and  ventilation.  The  cost  of  the  compressed  air 
plant  amounts  to  £S,  lis.  Dd,  a  day.  In  order  to  do  the  same  amount 
of  work  by  hand  power  2G7  workmen  would  be  required,  the  daily 
cost  of  which  would  be  X33,  7s*  6d.,  or  3 '39  times  that  of  the  eom<- 

f pressed  HIT  plant 
t  H.  G*  Morris  t  describes  the  d'Auria  air  compressor,  which  is  of  the 
directracting  type  without  fly-wheels,  the  steam  and  air  pistons  being 
mounted  on  the  same  rod,  A  device  which  may  be  regarded  as  a  de- 
velopment of  that  used  iu  the  Worthing  ton  pomp  is  used  to  compensate 
for  the  differences  in  steam  and  air  pressures  at  the  beginning  and  end 
of  the  stroke,     This  consists  of  a  third  piston  centrally  placed  on  the 

mmon  piston  rod,  and  working  in  a  cylinder  of  which  the  ends  are 
connected  by  a  pipe  forming  part  of  the  foundation  plate*  The 
cylinder  and  pipe  are  kept  filled  with  liquid, 

W.  Stewart  t  has  fiuccessfully  used  cast-iron  brackets  built  into  the 
walling  of  the  shaft  for  holding  a  line  of  (j4uch  pipes  for  the  convey- 
ance of  compressed  air  in  a  shaft  275  yartis  in  depth.  These  brackets 
replaced  byats. 


Kco] 


Mine    Dams*— F.   MlAdek  g   describes  various   mine   dams   lately 
erected  in  tim  Przibram  Mines.     Theae  he  divides  into  two  maia  divi* 
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xlviiL  II.  491-503. 

t  Trania{!ltmi$  of  tkt  Amtric^n  inxiiinU  of  Minify/  En^ifteertf  Rlt^limoiid  A(«el[n£« 

+  Pi^ooeedit^ffs  of  ike  South  Wnia  ImtHute  Qf  Kf^jint^i,  vql.  jptii,  pp,  133-134,  Willi 
tinier. 
%  Octteri'ciskiiche  ^dttchrift  fUr  B^ty-  ttnd  ffiUtenveten^  vul.  xlis,  pp,  117-110;  ftre 
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Bionsj  (1)  those  in  which  water  had  to  be  dammed  back  in  ci 
and  (2)  m  the  damming  off  of  spaces  to  be  used  as  large  reaerToirt 
compressed  air*  The  first  of  these  is  again  subdivided  into  tlii^ 
divisions*  In  the  unused  cross-cuts  or  other  workings  dammed  of  to 
-  act  as  compressed  air  reservoirs,  the  air  is  compressed  to  four  or  five 
atmospheres,  and  then  used  for  driving  the  drillB^  pumpe,  &c. 

Book  Drills. — An  illustration  *  is  given  of  the  Nancy  electric  rock 
drill.  It  is  driven  by  a  small  rotary  electromotor,  and  has  a  frictiooaJ 
feed. 

F.  Schember  t  describes  the  Triumph  rock-drilling  niacbiJie  of  the 
Ruhrthal  Company.  This  is  of  simple  constrnction,  and  variaoi 
advantages  are  claimed  for  it. 

Explosives  and  BlastlBff. — A.  Larsen  J  discusses  the  use  of 
liquid  air  !or  explosives.  When  the  cartriijges  are  made  on  the  spot 
where  they  are  to  be  used^  by  soaking  or  miring  earbonaceoaa  matenal 
with  the  liquid  air  good  results  may  be  obtained,  but  the  life  of  tlse 
cartridge  is  very  ephemeral,  and  a  reliable  standard  of  atrength  cannot 
be  obtained. 

The  use  of  accumulators  in  firing  cartridges  in  blasting  is  deaciibed 
by  X  von  Lauer^g  who  observes  that  in  1896  he  described  the  vari^H 
kinds  of  electric  igniting  methods  as  applied  to  blasting  in  Hery  mtoi^f 
In  this  be  showed  that  the  low  tension  method  was  the  best^  and  that 
it  can  be  used  almost  without  any  especial  precautions.  At  tbaC  time 
only  the  galvanic  fonu  of  this  method  was  considered,  but  tlds  is  un* 
satisfactory,  and  the  autlior  now  describes  the  use  of  accumulators  for 
this  purpose.  The  use  of  l!ie  dynamo  for  this  purpose  is  also  referred 
to.  The  author  claims  that  the  accumulator  method  is  a  very  satl^ 
factory  one  in  many  respects,  although  experiments  ar©  likely  to  lead 
to  a  still  further  iuipravement, 

J.  von  Lauer|]  deaU  with  blasting  by  electric  firing  devices,  and 
points  out  the  advantages  of  the  high  tension  method  of  firing.  The 
apparatus  is  independent  of  weather  conditions,  and  can,  without 
much  previous  preparation,  effect  the  instantaneous  firing  of  a  mine. 

*  Enffitieer,  voh  xe.  p»  562. 

t  Oetierrtiohiiche  ^eUtdkrif^  fUr  Berg-  und  HMiifmpttitnt  vtiL  ieUx.  pp.  17-10 ;  four 
iUutttmtiona. 
X  ^^ammtfti&nt  &/ Iht  iHtiitution  af  MiniHf/  EfitfLftjetrt^  viA.  xIe.  pp.  I&t-ITQ. 
I  ihM€rm^hi*eh€  J^iiimikrip  /Mr  Mtiy-  und  Huttrnvtient  vul*  %bmL  p{t.  537-5391, 
I  Ihid.,  v^  xlTiiL  pp.  64l~tH4,  Fvgi.  1-3,  FUU  XX. 


The  battery  &]io  requires  little  repair,  and  the  chaDging  of  single 
elements  can  be  performed  by  anybody.  On  tlie  other  hand,  it  is 
attended  with  the  disadvantage  that  when  a  large  number  of  shots 
have  to  be  fired  at  once,  the  battery  assumes  such  itnwieKly  propor- 
tions that  the  handling  of  it  becomes  a  matter  of  difliculty.  To 
overcome  this  drawback  he  constructed  an  apparatus  consisting  of 
accumulators  instead  of  primary  batteries  for  producing  the  current. 
The  construction  and  the  method  of  operating  are  fully  described.  It  is 
etated  that  by  this  means  a  hundred  shots  can  be  fired  simultaneously^ 
and  that  energy  sufficient  for  produuing  a  total  of  10,000  ignitions 
can  be  stored  in  the  accumulator  cells.  A  spark-tester  forms  a  principal 
feature  of  the  apparatus,  by  means  of  which  the  condition  of  the  charge 
in  the  accumulator  can  be  ascertained  at  any  time*  The  weight  of  the 
apparatus  complete  is  11  lbs. 

T.  Rasmussen  *  describes  an  expanding  drill  bit  for  chambering  the 
endi  of  boreholes, 


Coal -Cutting^  Machinery. —  A  series  of  articles  on  coal-cutting 
macliinery  has  appeared,  t  The  first  deals  historically  with  the 
subject^  and  then  the  advantages  are  discussed,  especial  reference 
being  made  to  the  higher  proportion  of  round  coal  obtjuned,  and  the 
increased  price  for  the  product.  The  difficulties  encountered  in  the 
adoption  of  machinery  are  then  dealt  with,  after  which  the  evolution 
of  the  machine  is  traced  with  the  aid  of  Bun n lug's  diagrams  of  the 
early  types,  and  some  later  forms  are  more  fully  illustrated. 

Some  particulars  are  given  by  J,  Gerrard  |  of  the  use  of  coal-cutting 
machinery  in  Great  Britain.  Altogether  there  are  197  compressed  air 
machines  and  57  electric  machines,  and  their  total  outturn  is  estimated 
at  3^538,408  tons,  Yorkshire  is  the  largest  user.  The  cost  and  other 
details  of  working  thin  seams  are  also  given. 
,  F,  C*  Swallow  §  gives  some  notes  on  the  opening  out  of  coal  royalties 
f  by  the  Stanley  heading  machine,  Willi  a  machine  cutting  a  circular 
heading  7  feet  in  diameter,  the  average  advance  wag  6  '1  yards  daily, 
yielding  24J  tons  of  coah 

A.  Bachellery  ||    describes  the  use  of  coal  -  cutting  machinery  in 

r     *  Traju%cUiin4t  of  the  Tn»tUutioH  of  Mining  Engimtrtf  toL  %x.  ftp.  lSG-187. 

i  CnUitr^  Ouardit^n,  vol.  Uxxi.  ivp.  20,  67,  133,  1S2«  331,  ^7,  347,  399,  462,  53S, 
Sm,  623,  736,  7^1,  S51,  904,  95^^,  1017. 

t  Iron  and  Coal  Tnttin  Budettr,  voL  Uii*  p.  494- 

§  Journal  of  the  BriiiMh  Society  ttf  Mining  StudenUt  Tol.  xjdl]«  pp,  67 ^i 
BuUetin  de  lo,  Sodiii  d€  tlnduUt^  ifi'nmi^,  7ol  xiv.  pp,  llSO-1173. 


406 


TUB  IRON  AND  STlEL  rUDUSTRlKS, 


Amarican  eollierie*,  and  diicuases  the  advautai^es  of  Uie  ditfi?rt!Ui 
types  of  machitiei*  Moat  of  them  are  adapted  for  stall  workingi^  u 
lotig-wall  workings  are  rare  in  that  cotintry,  and  they  are  cotieidered 
in  foar  classes :  wlieel  cutter  machines^  percussive  machines,  euUer 
bar  macliines,  and  chain  cutter  machines.  The  second  and  fourth  t>-f>es 
prevail,  and  it  may  be  considered  that  air-driven  percussive  mac]iiiit« 
and  electncjilly  driven  chain  machines  are  practically  the  only  mm 
which  will  hold  the  field  in  the  future.  Between  them  it  is  eviileDtlj 
diflicnlt  to  draw  a  balance,  as  they  are  adapted  for  such  differing  con- 
ditions,  hut  the  relative  advantages  are  discussed  in  same  deUil|  an  J 
the  power  absorbed  by  electric  muchinea  is  dealt  with^ 

In  1900  A.  de  Gennesi,*  at  the  instigation  of  ti*e  French  Minister  of 
Public  Works,  made  an  exhaustive  study  of  the  methods  of  coal- 
mining by  machinery  in  the  United  States,  He  visited  the  milling 
districta  of  Illinois,  Ohio,  and  Pennsylvania,  and  in  his  report  statei^ 
that  tlm  number  of  companies  using  machines  has  increased  from  51  ij^| 
1891  to  287  in  1898,  and  he  estimates  the  numlier  of  mn chines  now  in 
use  at  2622,  as  compared  witii  545  in  1S9L  About  20  5  per  cent,  of 
the  total  tonnage  raised  in  the  collective  mining  regions  in  1898  was 
mined  by  machinery,  Tlie  cutting  machines  most  generally  in  use  are 
those  of  the  percussive  type,  the  Harrison,  the  I  ngers  oil -Sergeant,  and 
the  Sullivan,  all  of  which  are  driven  by  compressed  air>  The  only 
example  of  an  electrically  driven  machine  with  percussive  action  i*  the 
Morgan -Ciardner.  A  brief  description  is  given  of  each  type,  with  some 
comments.  A  rotary  wheel  inachine,  and  various  forms  of  chain 
machines  are  mentioned,  and  particulars  of  their  work  are  given* 

H*  Fp  Bain  f  describes  the  Lee  coal*cutting  machine  for  long-wall 
workitigs  as  used  in  America.  It  has  a  bar  cutter  whicli  can  be  turned 
on  a  vertical  pivot,  so  that  it  can  be  placed  parallel  to  the  face,  and 
turned  into  the  coal  at  starting,  A  spiral  steel  band  carrying  ihe 
teeth  is  wounii  on  tlie  bar,  and  can  he  readily  renewed.  Tlie  machint! 
is  driven  hy  a  15  horse^power  electro-motor,  and  undercuts  30  inches. 

Illustrations  are  given  |  of  a  Jeffrey  shearing  machine,  with  a  chain 
cutter^  driven  by  an  electro-moton 

J»  J.  Rutledge  g  gives  a  short  description  of  the  Appanoose  Counl 
coalfield  in  Iowa,  where  the  seam  ts  about  2^  feet  in  thickness^  at> 


*  Annaltt  dc^  Minn,  vol*  xvui.  pp.  21T-24S  ;  threfl  plAtei. 

t  TraHMetitmt  off^e  IniUUiiimi  &f  Mimng  Etij/inftrMj  vcil  xl%*  pp.  144^TSS, 

Emfineerinff  a^id  Alining  JfHimai,  vut  lul  p,  43*5. 

Miitea  and  Minerait^  voL  itL  pp.  M5-;H6. 
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fairly  level  at  a  depth  of  140  feet.  Several  varietieg  of  pillar  and  stall 
working  are  m  use,  and  a  large  uuraber  of  different  coaiH:utting 
machines  are  successfully  employed. 

A  list  of  the  coal-cutting  inachiues  that  have  been  introduced  into 
France  during  the  past  }  ear  has  been  published**  The  details  are  as 
follows  ;— 

Briiiij        t        ...»,..,.         ^  4 

MnrUejt       ....,*,,*.,  7 

Lens           .         ,         ,         .         .         „         ^         .         ,         ,         ,  5 

CoQmire*         *..,,.....  7 

Duiirg«ft H 

DecAsnTltle       .        .        ,        ,        ^ 5 

OarniuignAe        .        .        * .2 

Rocbe-lm-Moli^re       .        .         .         «         ,         .         .        .         ,  1 

CHtntauK  *,,».,,.,.,  7 

GrAUil^  CaniW  .»*♦,,*..,  10 

GmitivHsac !l 

K*  QVmt  publishes  f  an  illustrated  description  of  an  electric  eoal- 
cuiting  plant  of  the  percussive  typp,  designed  and  constructed  by 
Siemens  &  Halske  iu  1S95  for  the  Altenwald  Miue^  near  Saarbriicken. 
Particulars  of  the  four  years'  working  are  given,  and  the  results  are 
summarised  iti  tabulated  form*  An  interesting  comparison  is  made 
with  other  types  of  coal-boring  machine*,  with  regard  to  their  per- 
formancea  and  power  requisite  for  driving  them* 

C,  Zalman  |  and  J*  Wiizlavik  state  that  at  the  Bettina  Collieryf  in 

^the  Dotnbrau  district,  an  Ingersoll  coal-cutting  machiue,  at  the  time 

bey  wrote^  had  been  iu  constant  use  for  aome  six  months.     They 

'describe  the  results  attained  by  its  use,  first  describing  the  machine 

and  its  mode  of  erection,  and  then  passing  to  the  method  of  working 

adopted.     The  undercut  made  is  from  43  to  51  inches  deep*     Before 

the  use  of  this  machine  was  introduced  hand  working  was  employed. 

A  direct  comparison  between  the  two  was  therefore  possible,  and  this 

bowed  that  the  work  done  by  the  aid  of  the  machine  was  2^63  times 

'  as  much  as  wdieti  hand  labour  was   in   use«      The  relative  costs  for 

ihand  labour  and  machiue  were  3s,  T^d.  and  3s.  5d.  per  foot.  They 
were  consequently  in  favour  of  the  machine*  This  was  rarely  found 
to  need  repairs,  but  when  these  are  required  a  workman  who  under- 
*  Echi  du  Mines,  vol.  xxvui.  p.  422* 
t  ^eitachri/i  fUr  d^  Btrij-,  Hiitlcn'  und  SaUnmwatn  im  prtmwi*chen  SiaaU,  toh 
xlviil.  pp.  -164-489. 

X  Otiiti^rtichifche  ZeiUchH/t  /Uf  Serff-  und  ffHilmw^Hnt  vol*  xItuI  pp.  &fi7-&91 1 
tbree  lUiutmtiaiiA, 


I      the 
Mfae 

'  dee 
anc 
ad( 
the 

,      A. 


408 


rai  mON  AND  STEIL  rKDUSTRrES- 


stands  the  construction  of  the  loacliiiie  sboald  he  employed.  To 
prevent  the  rapid  wear  of  the  indiarubber  tubing  attached  to  tlM 
machine  it  should  be  covered  at  close  intervals  with  wooden  ring! 
connected  together  with  wire.  Other  flight  improyements  fooad 
desirable  are  referred  to.  On  the  whole  the  aatborm  conclEde  ikti 
while  the  use  of  the  machine  does  not  effect  any  marked  saving  m 
expenditure  as  compared  with  hand  labour,  yei  its  use  eDables  a  muck 
higher  otitput  to  be  obtained  in  the  same  time. 


Methods  of  Workiiig  CoaL^ — N.  M.  Thornton  *  describes 
long- wall  methods  of  working  seams  from  3  to  5  feet  in  tkieknen  in 
the  Eastwood  district,  Nottinj^'b  am  shire, 

D.  A.  Willey  f  describes  the  mining  of  soft  coal  iQ  America  tjt  the 
States  of  Alabama,  Maryland,  and  West  Virginia,  and  diaciUMi  llie 
reasons  for  the  growing  export,  A  number  of  illustrations  ore 
appended, 

J«  T.  Beard  |  discusses  the  character  of  the  seams  as  affecting  the 
adoption  of  diflferent  varieties  of  the  pillar  and  stall  and  the  long-will 
methods  of  working  coal  iu  Iowa.  The  leading  ditnensions  of  the 
working  are  given. 

J.  E.  Strong  g  describes  the  single  entry  method  usually  employed 
in  Alabama. 


1 


Mine  Drainage. — A  new  form  of  pump  has  been  designed  by 
H.  Asliky,  and  has  come  into  use.  The  working  barrel  is  closed  at 
the  lower  end,  but  has  a  lantern  opening  in  the  middle.  The  working 
bucket  fits  the  barrel  above  and  below  this  openings  and  its  inter- 
mediate  hollow  trunk  contains  a  large  number  of  inlet  valves.  On  the 
top  of  the  bucket  is  a  double  beat  valve.  During  the  down  stroke 
the  water,  which  is  trapped  in  the  bucket  and  barrel  by  the  miet 
valves,  passes  through  the  double  beat  valve  to  be  lifted  on  the  ne^H 
upstroke.  All  the  valves  are  thus  mounted  in  the  bucket  so  thi™ 
they  can  easily  be  withdrawn,  a  feature  of  considerable  valne*  [| 

H*  Daveyf  discusses   the  compounding  of  Cornish  engines 
illustrates  those  designed  by  him  and  used  at  various  places. 


*  Tranmction^  it/ the  IjiMHlttlioH  of  JUininff  Enyitifergf  vol  xlx.  pp.  125-129. 

X  Mintt  and  AfineralSf  vol  xxU  pp.  13fr*llf7* 

I  nut,  p.  195. 

II  En^inter,  voh  %c.  p.  587i  with  illuBtrntlonji, 
%  TrHHiiaeUmiS  of  the  l-Mlituiio^i  uj  Mining  Jfn^ineer«,  ¥ol.  xix,  pp.  153-163. 
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E.  Bainbridge  *  describes  the  electrically  driven  Hatfield  pump  for 
undergrouDd  use.  In  this  pump  three  cylinders  are  placed  radialljTj 
and  the  pistons  are  worked  direct  from  the  motor  eh  aft,  baving  the 
very  short  stroke  of  about  one  inch. 

Binder  t  discusses  electrically  driven  pumps  for  mine  drainage,  and 
gives  some  general  observations  as  to  the  best  meaus  to  secure  a  re- 
daction in  the  number  of  revoluiLona  in  electric  motors  for  driving 
sncli  pumps* 

The  latest  addition  to  the  series  of  volumes  on  mechanical  engineer- 
ing at  the  Paris  Exhibition,  published  by  Dtmod,  is  a  treatise  on 
pumps,  covering  86  pages,  with  143  il lustrations,  from  the  pen  of 
R  Masee. 

With  the  aid  of  numerous  dravvitiga,  F,  Ftiilich  |  describes  the 
Kaselowsky-ProLt  hydraulic  pumps.  In  tabular  form,  details  of  thirty 
mumping  plants  constructed  on  this  system  are  given. 

The  question  of  the  centralisation  of  the  pumping  power  of  the 
mines  of  the  Kubr  district  §  began  to  receive  attention  some  thirty 
years  ago,  and  committees  were  subsequently  appointed  to  investigate, 
and  make  suggestions  on  the  matter,  but  the  difficulty  of  securing  the 
concerted  action  of  companies,  who  were  rivals  in  commerce,  prevented 
the  carrying  out  of  any  effective  scheme.  Since  the  formation,  how- 
eve  r^  of  the  Coal  Syndicate  of  the  Rhine  and  Westphalian  Districts, 
by  which  interests,  formerly  conflicting,  are  now  united,  the  question 
of  centralised  mine  drainage  is  being  revived. 

Face  to  face  as  the  Syndicate  finds  itself  with  annually  increasing 
working  costs,  it  becomes  necessary  to  look  round  and  stinly  in  what 
department  economies  may  easiest  be  effected.  It  is  stated  that  for 
every  300  feet  deeper  that  a  shaft  is  driven,  the  con  summit  ion  of  fuel 
for  driving  the  pumps  is  increased  1  per  cent.  The  greater  depth 
involves  besides  an  increased  capacity  of  the  plant  itself*  For  every 
ton  of  coal  raised  about  4|  tons  of  water  are  pumped,  the  annual 
cost  of  mine  drainage  througliout  the  whole  Ruhr  district,  including 
upkeep  of  plants  being  estimated  at  over  £250,000. 

This  forms  the  chief  unproductive  outlay  incurred  in  working  the 
mines,  and  it  is  obvious  that  any  efforts  towards  reducing  working 
costs  might  with  advantage  be  directed  to  the  centralisation  of  the 
whole  pumping  power   of  the  district,   instead  of  splitting   up   the 

•  Nnipntfr,  val  jdx.  p^  346-351. 

t  Berphau,  1900,  No.  IL 

t  Oiiickatif,  vol.  uLivi.  pp,  1053-1065. 

I  B^Tff-  und  B^tttnfnannitchf  Zeitvnff,  toL  lix*  pp^  607-009^ 
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performance  of  Uiit  coloasal  task  among  a  number  of  dlaoottnected  I 
units.     Instances   are  cited  where  such  an  arrangement  has  worked 

fgr  some  years  with  exceedingly  beneficml  results* 

At  Padour  "^  descrilHss  the  pumping  appliariee^  at  the  Brucb  Collieries 
in  Northern  Bohemia.  Lar«^e  qnan titles  of  water  have  to  be  raiiad 
from  several  shaftSH.  The  plant  inclndes  a  spraying  arrangemeui  for 
laying  dust  and  cooling  the  ain 

G,  Lengnyt  describes  the  at! it  level  from  the  Ernest  Biver  pit  st 
Gardanne  to  the  seashore  near  Marseilles,  Endless  rope  baulagt  ii 
bised  for  dealing  with  the  spoils  and  a  Ser  fan  providea  the  rentilatloii. 
In  parts  the  level  is  lined  with  iron  tubbing  and  in  parts  with  concrete. 
Sectbns  are  given  to  show  the  form  adopted  in  the  different  dayt  lud 
limestones  encountered. 

The  Ventilation  of  Collieries,— J.  \\\  Hutchinion  |  describes  the 

working  of  the  Waddle  fans  at  Bam  furlong  Colliery,  where  two  30-foot 
fans  work  on  branch  drifts  from  the  same  upcast  shaft,  and  are  drircn 
by  a  single  engine.  With  the  two  fans  running,  about  i5  to  50  pet 
cent,  more  air  is  passed  than  with  a  single  fan.  These  fans  and  a  35- 
foot  fan  at  another  shaft  have  replaced  furnace  ventilatioD. 

X  W*  Hobinson§  describes  the  Guibal  fan^  and  some  tests  mude 
with  itp 

In  an  account  of  the  Bouth  Hetton  coal  companies'  collieries^  soiu« 
illustrations  are  given  |{  of  the  radiators  used  for  heating  the  lir  io 
tlje  downcast  shaft  in  the  winter  time,  to  prevent  the  formation  of  ice. 

J,  Hart  fl  describes  a  method  of  building  concrete  atopings.  In  one 
case  wiiere  suitable  stone  was  not  available,  broken  coal  was  used  with 
success  in  a  stoping  70  feet  in  area  and  15  inches  in  thicknei 
Three  barrels  of  cement  and  six  barrels  of  sand  were  uied. 

A.  Hiibner  **  points  out  that  in  most  of  the  deep  and  fiery  collieries  | 
of  Northern  Bohemia,  ventilation  has  to  be  most  carefully  effected,  and 
the  main  ventilation   doors,  kc^  are  made  as  strong  and  lasting  ^ 
possible.      The  worked-out  chambers,  too,  have  to  be  most  caiefnliy 

•  tk$iar€ichuck€  £eUtchrift  fUr  Berff-  und  MUtimwMn,  roL  %kix,  pp.  77 -SJ^  with 
plftte* 
t  Hnmt  Ttckni^ue^  tbrvogli  the  OoHicr^  Ouardian,  toL  tixx.  pv  91S. 

I  Jo/umat  pf  ih€  Briiuh  Sottifty  of  Mimitiff  SiudftUt,  voL  i^iii  pp.  109-KlS. 
I  Iron  and  09^  Tmde^  BM*iefe|  tdI.  Ixli  p,  237, 
f  Mina  and  Mineratt,  vol  xxi.  pu  237* 

**  Oatarekkiseke  ^dUtkriJi  far  Mgrff-  mtd  f  wHenvnen,  toL  xUz«  pp^  US-W, 
tbn«  Uliiitrftlioni. 
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^paraied  off  from  tlie  actual  workings,  A  moditied  piDar  and  stall 
'^method  of  working  is  in  use.  Powerful  air  currents  are  employed ^  and 
fjlentj  of  water  is  used  in  sprinkling.  Tlie  uso  of  wooil  for  partitions 
for  walling-off  old  workings  was  first  introduced  at  the  Jolmnu  brown- 
coal  mine  in  Northern  Bohemia  in  1893,  after  brick,  stone,  &c.,  walling 
had  been  found  nnsatisfactory.  The  author  now  describes  and  illus- 
trates the  various  ways  in  wbich  tliis  has  been  replaced  by  wood,  and 
the  uses  to  which  this  has  been  put,  Wood  is  most  useful  where  there 
is  any  presBure. 

Fire-damp  Explosions, — ^Illustrations  are  given  of  Pe tit's  auto 
matic  apparatus  for  taking  samples  of  the  air  in  the  mine  at  regular 
intervals,  for  the  purpose  of  fire-damp  determinations,  I'his  appliance 
has  been  used  in  the  St*  Etienne  Collieries  since  1895.  * 

Another  difiTueion  apparatus  for  detecting  fire-damp,  designed  by 
H,  G,  Prested,  is  stated  t  to  have  been  tested  with  BueceBs  at  Pentre 
Colliery  in  the  lihondda  Valley.  The  diffusion  pressure  into  a  porous 
pot,  acting  on  a  flexible  diaphragm,  completes  an  electric  circuit 

A  description  is  given  |  of  a  device,  introduced  at  Witkowitz,  for 
ileeting  the  anbomalic  closure  of  the  subterranean  dynamite  magazine, 
in  the  event  of  fire-damp  explosions. 

W,  N.  Page§  gives  a  plan  of  the  Tied  Ash  Mine  in  West  Virginia, 
together  with  some  aecoimt  of  the  explosion  which  occurred  there  in 
March  1900,     Suggested  rules  for  fire  bosses  are  appended, 

A  somewhat  extensive  occurrence  of  explosive  gas  in  some  old  metal- 
mine  workings  which  had  been  long  abandoned  is  described  by  F,  W. 
Grey. II  At  the  Iltitti  Mine  in  the  Deccan,  old  workings  340  feet 
deep  were  struck,  and  the  gas  which  came  out  exploded.  Decomposed 
timber  and  animal  matter  were  founds 

A,  H.  BogersH  gives  an  account  of  an  occurrence  of  fire-damp  in 
tome  metal -mine  8  in  Mexico,  near  Villaldama.  The  gas  is  ascribed  to 
the  rotting  timber  in  old  workings. 

An  article  has  been  pubhshed  **  dealing  with  the  principal  explo- 
sions in  the  Prussian  collieries  in  1860.     The  explosions  discussed  in 


•  Coltier^  Ouet^ian,  toL  IxiLxi,  p.  124.  f  Ibid,,  vol.  Ixjcjti.  p.  966* 

*  CompU*  BtndtiK  Metuuds  dt  hi  SocUU  de  I' Ivd^tairie  A/iTh^rale,  1900,  p.  252. 

§  Tfun9m:tion$  af  tkt  AvM^kan  InttUuie  0/  Mininff  Engineers*  Catiadiati  Meeting, 
AtigUKt  1^100. 

11  pKper  rend  lief  ore  thd  iDBtitutiou  of  Minm^  tmd  MeiiUlurg^r,  Febroarj  20^  190L 

U  Enf^vnetrijiff  atid  Mining  Joarnaif  vol  Itxi.  pp.  488-439. 

'•  Zeitschri/t  fUr  dot  Bcrg^  MiiUtj^  und  MlwnweHm  im  premtkcMn  Sfoafe, 
»ol  »lnii  pp.  504-507. 
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det^l  occurretl  at  the  Preuasen  Colliery  on  July  1,  aud  at  the  Rtdtt' 
CollierjT  on  B^ptetnber  1 6.    In  each  ca&e  plans  of  the  workiogs  am  giren, 
A  detailed  account  of  the  fire-damp  explosion  at  the  Con^olidadoi} 
CotlJcry  at   Schalke  on   March  7^  by  which   IS   miners  were  killi 
hfts  been  publiihed*'* 


^ 


Eock  Temperatures  at  Sydney, — J«  L.  C.  Bae^f  ^  F.  Pittmati, 
and  T»  W.  E.  David,  give  very  full  records  of  the  rock  temperaturet 

observed  at  Sydney  Harbour  Colliery^  Bsilinain,  Sydney,  New  Soulli 
Wales,  between  the  depths  of  600  and  1100  feet,  together  with  a  fail 
geological  section  of  the  strata  encountered.  The  rate  of  increase 
was  fairly  low,  being  1*  F.  for  every  90'7  feet.  At  Cremorae^  Sydney 
Harbour,  the  increase  in  a  borehole  was  V  F.  in  80  feet. 

The  Lighting  of  Collieries*— S.  F.  Wal}cer|  deals  at  some 
length  with  electric  lamps  for  njiners'  use.  Those  worked  with 
primary  and  those  with  secondary  batteries  are  considered,  their  diffi* 
cutties  and  advantages  are  discussed,  and  the  question  of  coat  is  alio 
entered  into,  after  which  the  author  refers  to  the  danger  of  exploftion. 
Practically  this  is  2ero  with  electric  lamps,  as  explosion  a  hare  eiii| 
been  produced  under  conditions  which  could  never  occur  in  practice. 

T,  y.  Simpson  g  describes  the  safety-lamp  cabin  recently  built  :it 
Heworth  Colliery,  with  accommodation  for  cleaning  and  dealing  wilb 
1200  lamps. 

Falmdrich  {|  gives  tiie  results  of  his  experimenta  made  with  a  view 
to  asct*rtain  the  best  dimensions  for  safety -lamp  gnuzes. 

L.  Volf  11  gives  a  series  of  statistics  showing  the  causes  of  ^e-damp 
explosions.  Unsafe  safety-lamps  had  much  to  do  with  these.  The 
earlier  experiments  relating  to  the  testing  of  safetydamps  are  briefly 
referred  to,  and  the  subject  is  dealt  with  historically^  The  autbor 
now  describes  his  Schondorf  apparatus  for  the  testing  of  aafety-lamp$ 
in  use  at  the  Johann  Colliery,  Karwin. 


Coal  Dust — The  arrangements  for  dealing  with  the  coal  dust 
the  Anna  and  Cari  pits  of  the  Cologne  Mining  Company,  at  Al 


teaB«fflfl 


•  Ot^kauf,  vol,  iiWTiL  pp.  389-391,  with  one  pUte, 

f  /ofirfto/  and  Fi'o^^0dimp§  of  the  Eoifol  Socktg  &/  Ntm  S<mik  lfak«,  vc^L   zxxiii 
pp.  307-224. 

X  Jottt^nai  of  iht  Inatihttion  of  MfttUrie^  Min^nttrt.  voL  x%v,  pp.  815-856. 

§  Tranmcli&ns  of  the  InHHniitm  ^f  Mimftff  JTn^iweert,  Yoh  xx*  pp*  IJ-lS* 

I  GlUtkattf,  ToL  xxiTi.  p.  10(19,  with  two  pUt^f. 

TT  Of^frrriirhiMhe  ZeiUthrift  fWr  Berg-  und  MUittnnsfttnt  toL  xUr.  pp.  4-111^  1 
th««t  of  iUaitimtioiii. 
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r©  described  by  Winkhaus,*  At  the  Aima  pit  there  are  15,688 
metres  of  water  pipe  and  91  working  places.  At  the  Carl  pit  there 
are  19,0*28  metres  of  water  pipe  and  114  working  places.  The  cost  of 
the  installation  was  as  follows : — 


k 


Anna 

CarK 


Pipcfl. 

Hei«nroir. 

£1790 

£111 

2190 

Am 

Accidents  in  Mines. — ^The  report  t  of  the  four  inspectors  of  mines 
appointed  by  the  Home  Secretary  to  investigate  the  methods  of  pre* 
venting  falls  of  roof  adopted  at  the  Courri^rea  Collieries  in  France  has 
been  issued  in  the  form  of  a  Blue-book  of  twenty-six  pages.  The 
inspectors  state  that  the  system  of  supporting  the  roof  at  the  Cour- 
ri^rea  Collieries  may  be  divided  into  two  parts — viz,  (a)  systematic 
timbering,  with  the  timber  inserted  as  soon  as  there  is  room  for  it ; 
(If)  the  use  of  temporary  iron  bars  to  support  the  roof  io  advance  of 
the  last  "  setting  "  of  timber  until  there  is  room  for  another  "  setting/* 
They  quite  believe  that  the  Courri^rea  system,  if  rigidly  applied,  would 
result  in  the  prevention  of  a  large  proportion  of  the  accidents  by  falls 
which  might  otherwise  occur.  The  inspectors  add  that,  though  it  was 
no  part  of  their  mission  to  make  a  general  study  of  the  methods  of 
mining  in  the  Pas- de -Calais,  they  could  not  help  being  impressed  by 
many  excellent  arrangements  for  the  safety  and  welfare  of  the  work- 
men, both  at  Courriferes  and  at  Lens.  They  were  also  much  struck 
by  the  neatness  and  order  which  prevailed  everywhere,  and  the  ex- 
cellent  cottages  and  gardens  for  the  workmen, 
■  C,  Le  Neve  Foster  I  also  deals  elsewhere  with  the  methods  of  pre- 
venting fall  of  roof  at  the  Courri^rea  Collier ies»  Much  discossion  has 
ensued. 

H.  F,  Bulman  g  also  gives  some  notes  on  the  Conrn^res  Colliery. 

E.  Reumaux  |{  describes  the  H-iron  bars  used  at  the  face  in  the  Lena 
Coiliery, 

^|    D>  J.  Evans  H  give^  some  notes  on  the  methods  of  cutting  and 
leltiug  timber  in  collieries^ 


•  aiilchavA  Tol.  jxxTii  pp.  18fl-191 

t  Mawsb  20»  1901, 

X  Traniaeti^iis  of  the  Jttstitutimi  of  Mining  Engmeers,  voL  X£.  pp.  164-175* 

I  Jottmal  of  ihe  BtilUk  Society  af  Minin{f  EtudcnUf  vol.  ixiiL  pp,  87^92. 
I     II  Ibid.,  pp.  206-212. 

■     If  Paper  r«&d  Mota  the  lodiAna  Miaing  InatituU  ;  Minei  and  Mmer^^  tciL  xxi  ppi 
'  39-40. 
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Li'ybold  *  deak  with  the  accidents  caused  bj  falls  of  roof  and  £ 
in  the  Dortmund  coal  Bel d.  He  describes  in  detail  lOO  fatal  cases  I 
occurred  in  the  months  of  Jaunary  to  July  1900.  Of  th^ae  6j  i 
due  to  Talis  of  rock  and  31  to  falls  of  coal, 

T,  K,  Adams  t  compares  the  coal  production  and  number  of 
accideiita  with  their  causes  in  difierent  coal-miuing  districts  of  ikt 
United  States,  Kfipecial  reference  is  made  to  Fenni^ylvania^  whfcb 
occupies  a  favourable  positioUi  The  incapacity  of  many  of  the  mimn 
md  the  lack  of  dlBcipline  ia  strongly  condemned  as  a  cause  of  minjr 
accidents, 

F,  h,  Hoffnian  |  gives  tabulated  statistics  of  accidents  in  the  difierent 
States  of  America  for  the  last  ten  years.  The  average  rate  of  ftld 
accidents  is  2 '64  per  1 000  men  employed,  but  it  has  varied  between 
3 '3  and  3 '3.  Curio tisly  enough  the  rate  is  the  same,  2-04  per  1000, for 
railway  employees. 

In  cotiseqiience  of  the  recent  disastrous  dynamite  explosion  st 
Aniche,  in  France,  the  Minister  of  Public  Works  has  issued  a  circalar^ 
according  to  which  it  has  been  decided  that  in  future  the  quantity  of 
dynamite  kept  In  the  issuing  store-rooms  above  ground  is  never  to  be 
in  eatcesa  of  that  required  for  daily  use,  and  that  the  suhterrmnean 
magazines  and  stores  are  never  to  be  filled  during  working  hours^       h 

J,  11.  Godfrey  §  deals  generally  with  safety  appliances  and  precant]0J!ij| 
necessary  in  mines,     Reference  is  made  to  machinery,  boiler^  windbg 
appliances,  shafts,  timbering,  explosives,  &c. 


Rescue  Appliances  for  Collieries.— The  modified  pneumatoph^ 

of  Desgrez  ||  and  Baltbazard  appears  to  be  a  considerable  advance  cfti 
the  steel  bottle  containing   liquid  oxygen.     In   this   modified   form 
sodium  peroxide  is  used  in  connection  with  water  as  the  generatii3^| 
agent  for  the  air  charged  with  carbon  dioxide,  the  excess  oxygen  J^ 
the  sodium  [)eroxide  passing  into  the  air,  and  the  carbon  dioxide  in 
the  latter  combining  with  the  soda  of  the  soda  solution. 

J*  von  Lauer  ^  describes  various  forma  of  life-saving  apparatus  for 

*  ZfiUckrifl  far  ii(t»  Btrg-t  B^Utti^-  mnd  Saiinentp^en  rm  prfwischm  SUtatet  fnl 
mXwUL  |ip.  G4S3-634. 
t  F^pvr  rt4kA  beforft  itie  Weit^rti  Peoi^jlTHiiA  Centnl  Himog  Iiislitot« ; 

X  Kntri»«ftit^  «tmI  Mimim^  Jmiifwtt,  vol.  Ix^  p,  €QS^ 

§  TmnMfCiimt    of  f4e   AvHr^a^imn    IwHUute    of   Miming    Minffmeer%    iroiL 
Itp,  1-33. 
I  Ottitmifikitekfi  JSditekrift  f^t  Bfiy-  und  Hiittmn?^tn^  voL  xltiiL  p.  SiSSL 
%  /M,,  Yol  xtTui  pp.  &11^15,  with  pUte. 
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Etise  ia  miues.  The  necessity  for  safety  breathing  appliances  is  be- 
coming tnore  and  more  recognised,  and  the  author  sketches  the  pro- 
gress made  tii  this  directioti  since  the  earlier  efforts  of  the  eighteenth 
century,  when  tlie  necessity  for  better  ventilation  began  to  be 
thoroughly  understood  and  dealt  with. 

M-  X  Shields  *  calls  the  attention  of  coal- miners  to  the  nse  of  first- 
aid  packets  and  firsl-aid  societies  founded  on  the  methods  of  the  St 
John's  Ambulance  Association. 


^ 


The  History  of  Coal-Uining. — E,  L.  Galloway  t  has  continued 
his  annals  of  coal-mining  and  the  coal  trade  to  the  nineteenth  century, 
and  in  the  first  articles  of  the  series  the  period  between  1836  and 
1850  is  dealt  with. 

The  earliest  notices  of  the  eitportation  of  coal  from  England  occur 
in  the  records  of  Newcastle-upon-Tyne  and  in  the  Royal  Proclamations 
and  other  State  papers  relative  to  that  town.  The  first  direct  refer- 
ence to  the  suViject  which  has  been  found  is  contained  in  the  Rolls  of 
Parliament,  1325,  19  Edward  IL  In  154C  Henry  VII L  sent  orders  to 
the  Mayor  of  Newcastle  to  forward  300Q  chaldrons  of  coal  to  France^ 
and  the  trade  with  that  country  thereafter  increased  to  such  an  extent 
that  petitions  were  tnade  against  it.  In  the  Journals  of  the  House  of 
Commons,  February  1563,  mention  occurs  of  a  Bill  to  restrain  the 
carriage  of  Newcastle  coals  over  sea*  In  July  of  the  same  year  an  Act 
was  passed  in  Scotland  to  prevent  the  exportation  of  coal,  as  thereby 
great  dearth  of  fuel  had  been  occasion  ed.| 

Some  notes  on  the  history  of  coal*miuing,  especially  in  the  present 
century,  have  appeared*g  Portraits  of  men  who  have  contributed  to 
the  advance  in  the  industry  are  given,  together  with  a  number  of 
illustrations  of  early  appliances  and  methods. 

K  W.  Hassler  ||  gives  a  short  but  interesting  sketch  of  the  origin 
and  development  of  the  coal  industry  in  Pittsburg. 


BfuiB  Surveyillg^^'Tlie  cnlctdation  and  plotting  of  mine  surveys 
by  the  co-urdinate  method  has  been  much  facilitated  by  the  publica- 


•  ^ew  York  Mrdktd  Journai,  Baptember  8,  1900;  J^inft  and  Mtnrrah^  vol.  xxU 
p.  207. 
t  CoUitr^  &Mardia7K  voL  UiJt,  pp.  874,  981,  4c. 
t  Z^tir  Jotirnal ;  Gf^jbe,  May  11,  1901, 
§  Iron  etnd  CfXit  Tra^ies  RtvtcWj  vol.  liii»  pp»  27,  76^ 
II  Amirimn  ManufactHfer,  vol,  XivilL  [ip,  394-295. 
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tion  of  compact  and  iuex[)enBive  traverse  tables  by  H,  Louts 
W.  CaunL 

The  methods  of  surveying  miaeB  with  the  hangiD^  conipaaa  iel  tbi 
presence  of  iron  are  discussed  by  0.  Bratbuhti,t  and  varioUB  fermi 
of  shifting-heads  for  centering  nune  theodolites  are  described  by 
J,  AdainC£ik4 

M,  Frzyborskig  has  successfnlly  employed  magnaliiitn,  an  alloy  of 
aluminium  and  magiiesium  with  10  to  15  per  cent,  of  ma^neiiiuii,  in 
the  construction  of  mine-surveying  instruments.  The  alloy  gires  ii 
good  results  as  brass  and  weighs  two-Uiirds  less* 

A*  Larson  ||  gives  some  useful  hints  on  plumbing  mine  sh&At,  OQ 
stands  for  surveying  instruments,  and  on  sighting  in  narroir  pafisa*«. 

E.  BAncher  y  LoKano,^  of  the  Madrid  School  of  Mines,  describes  tnd 
illusLrates  an  ingenious  theodolite  he  has  invented*  The  inatrument  i^ 
a  tacheomfJter  with  concentric  telescope.  Vertical  anglea  are  mesMired 
by  means  of  a  graduated  arc* 

H,  P.  Seale  **  describes  the  method  of  contouring  on  mtning  pro- 
perties with  the  aid  of  the  tacheometer* 

H*  D.  iloakold  tt  gives  an  extensive  series  of  notes  on  &ncieut  and 
modern  surveying  and  surveying  instruments,  books,  tables^  Ssc,  Ths 
history  of  the  subject  is  traced,  illustrations  are  given  of  many  of  iht 
earlier  and  later  forms  of  instruments,  and  the  bibliography  of  ills 
subject  receives  attention. 

A  compact  instrument  for  rapidly  and  accurately  determining  tl 
strike  and  dip  of  mineral  deposits  has  been  devised  by  Leyendecker.|! 

Leo  Gluck  ^  has  designed  an  apparatus  known  as  **  Gluck*s  Vein 
Projector/'  by  means  of  which  the  inclination  of  dips,  intersection  of 
veins,  to,,  in  mines  can  be  quickly  calculated  and  determined  witli- 
out  the  aid  of  mathematical  formulae.  It  is  claimed  that  much  time 
ia  saved  in  the  stuiiy  of  mine  plans  by  the  use  of  this  instrnment 
Diagrams  are  given  and  problems  worked  out^  which  show  its  appli- 
cation to  the  surveying  of  mines. 

*  Trava'K  TaU^i,    Lcmdon :  ArooliJ,  190L 

t  ZtiUchrift  fUr  FfrB*»nin^*marrt,  1900,  |».  186* 

t  Bid,,  p^  100. 

II  Tfhiiik  TidskrifU  vol  ^%xL  pp,  26-30* 

IF  Revuia  Min^ra^  ToL  ti,  t>|*.  553-551. 

**  Tf'anmttmn^  0/ 1^ -i  Mjf  ra/tmon  InaiUidw  of  Mining  Engineers,  toL  ^  pp-  ®^ 

tt  Trtmmcti(mt  &fthe  Intitiutum  of  Mininff  Sngineert^  vol*  lix.  p|k   171-340. 

tt  GlUckatif,  vol.  XXIV ii.  p.  72. 

II  MincM  atw2  Min^rai**  vol.  xm.  pp.  19S-I9&  i  eight  Ulmtrntioiui* 
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An  ilhiBtration  la  giren  of  Yan  Sloaten'g  miner^s  compass  ^ 
F,  Norris  describes  a  form  •f  miner's  dial  t 

Mine  Management* — ^F.  Dan  vers  Power  %  gives  some  hints  for 
assisting  those  wbo  have  to  order  mine  store^i,  and  shows  the  metbod 
of  keeping  the  accounts*  Verjr  full  hsts  of  the  material  and  apparatus 
required  are  given,  and,  where  possible,  the  ordinary  sizes  or  particulars 
are  added.     Special  reference  is  made  to  Australian  practice. 

A.  G.  Oharleton§  discusses  the  general  principles  of  successful  mine 
management,  and  also  methods  of  office  organisation,  eost-keeping, 
and  records  of  work. 


Descriptions  of  Collieries* — Detailed  descriptioni  have  been  pub- 
lished of  a  number  of  collieries.ll  Amongst  others^  G,  E.  J.  M'Murtrie 
gives  a  detailed  description  of  the  Newdigate  Colliery  near  Nuneaton* 

R.  L,  Watson  U  gives  a  brief  account  of  the  collieries  on  Vancouver 
Island,  with  especial  reference  to  those  worked  under  the  harbour  at 
Kanaimo* 

J,  Li  C.  Rae  **  describes  the  Sydney  Harbour  Collieries  at  Balmain. 
The  first  boring  showed  a  seam  7^  feet  thick  at  a  depth  of  2801  feet^ 
but  the  coal  was  charred  by  dole  rite  dykes ,  so  another  boring  was 
made  with  the  reault  of  the  present  sinkings.  Two  shafta  18  feet  in 
internal  diameter  are  sunk* 

W.  T.  Heslop  has  described  a  number  of  the  Natal  collieries  and 
gives  illustrations  of  some  of  them,  ft 

Deseriptiona  have  been  published  of  the  following  French  collieries  :- — 
Lens  (Coliier^i/  Guardian,  vol.  Ixxx.  fi.  1045)  ;  Lievin  {CoUmnj  Guardian^ 
vol  Ixxx  p.  1095);  Douchy  {Collienj  Gmirfiian^  vol,  Ixxx,  p.  1149); 
Roche  la  MoU^re  et  Firm  in  y  {^Colliery  Guardian^  vol  Ijlkx,  p.  1263); 
Bessliges  {CoUiery  Guardian,  vol  Ixxx,  p,  1368) ;  Saint- Etienne 
{CoUienj  GuaTdian,  vol  Ixxxi,  p.  35). 
L    An  interesting  point,  showing  the  recognition  of  the  connection 

*  E^%n€€rif\g  and  Miniufi  Jottmaf,  toL  Ixxi.  p*  149. 

f  7*rtinsaeii'i»i9  of  the  AiJi^ncan  Imlitute  of  Mining  Enffineertf  McmtreAl  Meetia^* 

t  Tranastciiont  of  the  AuMtraiaHnn  Institnie  u/  Mintnif  Enginter^t  vol,  vi,  pp. 
124-225. 

ft  Engineering  Mafftuinc^  voL  3ex.  pp.  2a5-2'l6,  685-702. 

II  Journal  0/  the  Briiiih  Socittg  of  Mining  Stnd^uU,  toI.  xiciii.  pp.  43-48^ 

IT  MincM  (iTtd  Mineral»t  »ol.  ixi.  pp.  340-351. 

**  Paper  r«ad  before  the  Enfflueenng  ABBod«tloa  of  New  Soulh  Wdet;  CoUiery 
Gunrdinn,  voh  Ixxx,  p.  ISOi. 

ft  If%dmiri€s,  SQuih  AfHcu  ;  CoUiirp  Q^mrdicmt  vol  Ixxii.  pp,  479^  &W,  048,  740, 
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between  satisfactory  work  in  the  mines  and  a  gatiB factory  homftl 
of  the  collier,  is  mentioned  in  connection  with  the  collieries  of  tise ' 
Rulir  district*     Here  the  workpeople  often  had  to  paj  away  then 
wagee  as  they  got  them   to  shops,  from  which  they  had   parcbli»d 
in  advancij  on  creiiit  all  their  household  needs.     These  supplied  poor 
goods  at  high  prices.     To  meet  tbia^  workmen's  co-operative  sloi«& 
were  eatablisheil,  and   to  free   the  workpeople   from    their   finmci&l 
bondage    to    the    shopkeepersi    the    various    colliery    managements 
advanced  wa^^es  up  to  £b  to  their  employees  go  aa  to  enable  ibeni 
to    free    themselves    from   their    other   debts,   and    to    BUrt    afre«h 
Other  matters  in  which  gome  action  of  the  kind  was  also  taken  ; 
referred  to,  the  housing  question  being  one  of  them.* 

The  Norton  mines  in  Virgin ia  are  described  by  B,  Fleming* t 
The  Curtis  lignite  mine  in  Colorado  is  described  by  A*  Lakes. | 
The  Cleveland  No,  4  Coilitiry,  near  CharitoDj  in  Iowa,  Is  descrih€cL§ 
F,  Meaile  {|  describes  the  Pictou  Collieries  in  Colorado,  where  Uire<^ 
seams,  7  feet,  4  feet,  and  5  feet  10  inches  in  thickness,  separated  bjf 
32  feet  and  12  feet  of  sandstone,  are  worked  through  inclioeft. 

R.  Ai  liandall  11  gives  an  account  of  the  colliery  at  Saginaw,  Michi^l 
gan,  where  1200  tons  are  wound  daily  in  four  shafts* 

A,  Dinsmora  **  deals  with  the  various  collieries  in  La  Salle  Cotintj^ 
IlUnois. 

L,  C<  Morgai^roth  ft  describes  a  small  anthracite  mine  in  Fenns^l 
vania  owned  and  worked  by  two  men  with  very  primitive  applianc 
One  man  worked  underground,  and  the  other  ran  the  breaker  auj 
other  surface  machinery,  occasionally  throwing  a  Sump  of  shale  at  tlie 
motive  power — a  horse — to  keep  it  moving.  ^| 

A  description  has  appeared  I J  of  the  Hazel  Mine  at  Canonsbnrg; 
Washington  County,  Pennsylvania, 

•  OtsterreichUche  ZeiUchHfl  fUr  Berg-  itwd  fi^aflenwfien,  vol.  lulviii  pp,  41»^21. 

f  Stirifjt  find  Mineral t,  vol.  xxi.  pp.  3SI>-290. 

t  Ihid.,  p.  298. 

§  Engineering  and  3finin^  Joufnai,  vol.  IikI,  pp»  361- 363k 

II  Minet  and  Afinerati,  vol.  xxi.  pp.  1-^ 

If  Ibid.,  pp.  H)0-iOl. 

••  /6id>,pp.  145-147. 

t+  /fci^i  voU  %x.  p.  494* 

tt  Engintcring  and  Mifmig  Journal^  vqK  Ixi.  pp.  73ft-7^» 
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lX,—COAL'WASHING  AND  SCREENING, 

Screening  Coal. — J.  E.  0.  Keefe*  describes  the  banking  and 
screening  arrangements  at  Choppington  Colliery,  Northumberland. 
The  tipplers  are  in  line  with  each  other  on  one  road,  so  that  the  first 
tub  from  each  deck  of  the  cage  passes  straight  through  the  first  tippler 
to  the  second,  and  carries  the  empty  tubs  on  in  front.  A  jigging- 
screen  with  two  screening  surfaces  one  over  the  other  divides  the 
coal  into  three  classes.  The  round  coal  passes  straight  on  along 
picking-belts  with  pivoted  loading-ends,  while  two  transverse  belts 
lead  away  the  other  sizes. 

At  one  of  the  South  Hetton  collieries  the  Murton  movable  trough 
washer  is  in  use.  Tiie  belt  is  60  feet  in  length,  3  feet  wide,  and 
8  inches  deep,  with  2-inch  stops  every  3  feet.  It  is  placed  on  an 
inclination  of  1  in  18.     Some  plans  of  the  plant  are  given.f 

Illustrations  are  published  %  of  the  surface  plant  at  the  Hazel  Mine, 
Canonsburg,  Pennsylvania,  to  show  the  screening  and  loading  arrange- 
ments. 

W.  G.  Irwin  §  gives  an  illustration  of  the  Ottumwa  appliance  for 
loading  railway  waggons  as  used  at  a  colliery  at  Listie,  near  Somerset, 
in  Pennsylvania. 

H.  S.  Poole  II  gives  the  result  of  washing  certain  Cape  Breton  coals. 
With  50-ton  samples  of  coal  from  the  mines  mentioned,  the  percentage 
results  were  as  follows  : — 


Hub    . 
Caledonia 
Stirling 
Gowrie 


Rhw  Coal. 

Washed  Coal. 

Ash.          Sulphur. 

Ash. 

Sulphur. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

7-50 

3-24 

4-37 

2-38 

1500 

302 

7-05 

2-87 

1109 

A'2^ 

5-50 

3-12 

11-55 

526 

6  01 

315 

1 

♦  Journal  of  the  British  Society  of  Mining  Stitdents,  vol.  xxiii.  pp.  51-52,  with  two 
plates, 
t  Iron  and  Coal  Trades  Reviao,  vol.  Ixii.  pp.  2,38-239. 
X  Colliery  Guardian^  vol.  Ixxxi.  pp.  86-87. 
§  Engineering  and  Mining  Journal^  vol.  Ixxi.  p.  527. 
II  Transactions  of  the  Nova  Scotian  Institute  of  Science,  voL  x.  pp.  245-247. 
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Coal  from  the  Dominion  Coal  Company  gave  the  following  lesnlu :— 


Raw  CoaL 

w«hedc«a.     ^ll'Zi 

Moisture 

'    Volatile  matter    .... 
1    Fixed  carbon         .... 

i    Ash 

'    Sulphur 

Per  Cent. 

210 
31-00 
56-83 
10<>7 

2-38 

Per  Cent.        1       Per  Ont 

1-97                        916 

33-21                        1-86 

60-00                      88-98 

4-82                        9*16 

179                        1-62 

An  account  is  published*  of  the  coal  conveying  plant  recentlj 
erected  for  the  Dominion  Coal  Company  by  the  Robins  Conveying 
Belt  Company.  The  installation  is  said  to  be  the  largest  of  iu 
kind  in  the  world,  the  carrying  capacity  being  750  tons  per  hour 
over  a  horizontal  distance  of  1000  feet.  The  storage  bins  contain 
each  10,000  tons. 

A  brief  description,  accompanied  by  illustrations,  appears  of  several 
types  of  coal  screens  and  washers  constructed  by  Popinean,  Vizet  & 
Company.!  The  screens  are  cylindrical  in  form,  and  are  set  at  i 
slight  inclination  to  the  horizontal.  The  space  between  the  bars  is 
increased  towards  the  lower  end.  The  cylinders  are  caused  to  rotate 
by  means  of  cranks  and  bevel  gearing. 

George  H.  Evans  {  gives  some  useful  practical  hints  on  the  construc- 
tion of  ditches  and  pipe-lines  for  conveying  water  to  mining  localities. 
Some  examples  of  sluices  are  illustrated. 

Handling  CoaL— J.  D.  Twinberrow§  discusses  the  capacity  of 
railway  waggons  as  affecting  the  cost  of  transport.  Much  attention  is 
paid  to  the  loading  and  unloading  of  coal,  and  illustrations  are  given 
of  various  plants  for  the  purpose  in  this  country  and  in  America^ 

Some  account  has  appeared  ||  of  the  arrangements  for  hand- 
ling coal  at  the  Liverpool  Docks,  and,  as  a  contrast^  the  proposals 
of  seventy  years  ago  are  shown  in  the  reproduction  of  an  old 
illustration. 

J.  H.  Apjohn  H  discusses  various  forms  of  coal  handling  and  load- 

*  Encjirucrhuj  and  Alining  Journal,  vol.  Ixx.  p.  763 ;  three  illustrations, 
t  nevuc  Industrielle,  IIKK),  pp.  482-483. 

t  Mines  and  Minerals^  toI.  xxL  pp.  202-203  ;  two  illustrations. 
§  Ingtitutiun  of  Mechanical  EhgincerB'  Proceedings^  1900,  pp.  657-616,  with  eleven 
plates. 
II  Iron  and  Coal  Tradea  lUviev,  rol.  Ixi.  pp.  1349-1363. 
^  Indian  Engineering,  rol.  xxlx.  pp.  206-207  ;  Colliery  Ouardian,  voL  Izzzi.  p.  964. 
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ing  plaEt,  and  describes  the  Brown  hoists  used  at  the  Kidderpor^ 
Docks, 

The  WrighLson  coal  shipper  is  illustrated,* 

Illustratiotis  are  given  t  of  the  ateel  trestle  works  and  hoppers  for 
lifting  and  storing  coal  for  coke  ovens  at  Everett,  ilassa^husetts. 
The  total  weight  of  fiteel  amounts  to  16B  lbs.  for  every  ton  of  coal 
stored. 

F.  S.  Snowdon  ^  gives  a  number  of  illuatrations  of  vessels  used  on 
the  Great  Lakes  for  the  transport  of  coal,  and  other  illustrations  of 
docks  and  coal  loading  appliances  there  and  elsewhere, 
I  E,  H.  Coxeg  describes  the  methods  used  in  Virginia  for  lowering 
the  coal  from  the  mints  to  the  railways  by  single  and  double  inclines, 
and  of  lowering  the  tubs  themselves,  or  by  emptying  them  Urst  into 
a  larger  truck     Shoots  are  also  mentioned* 

An  illustration  is  given  of  the  coal  handling  plant  at  Skagway  in 
Alaska,  {J  It  consists  of  a  trestle  girder  1 25  feet  long,  mounted  on 
wheeled  towers  running  along  the  wharf,  and  provided  with  rope 
haulage  gear  for  the  baskets. 

Illustrations  are  given  by  W,  FawcettH  of  the  Brown  hoists  used 
at  some  of  the  United  States  coaling  stations  for  the  navy« 

J<  G.  S.  Hudson  **  describes  the  wjre  rojie-way  at  Port  Monen, 
Cape  Breton,  for  taking  the  coal  from  the  mines  to  the  storage  bius 
on  the  loading  pier. 

An  illustration  has  appeared  f  f  of  the  coal  dock  of  the  Dominion 
Coal  Company  at  Cape  Breton.  Conveyors  capable  of  handling  750 
ions  of  coal  per  hour  over  1000  feet  are  provided  in  addition  to  the 
appliances  for  emptying  tlie  railway  trucks. 


BriquetteB. — Some  account  has  appeared  of  the  manufacture  of 
briquettes    in  New  Zealand  ||  from  brown  coal  with  admixture  of 

pitch. 

I    *  Irtm  and  CotU  Tmdet  lU^ew^  toL  Ixii.  p.  9^. 
t  EnfftnecTt  ^ol-  **5i.  pp,  42^-426. 
^  Enffineerinp  Magatint,  ttgI.  ije,  pp.  157-172. 

I  Mine^  and  Minerah,  v<jL  %xi.  pp.  10-1 1* 

II  £noiaeeHfHf  and  Mining  Journal^  vol.  ixj^i.  p.  151. 

>1!  American  Afonu/ad ri»VT|  toL  Ixrili.  pp.  131'152» 
**  TranMaciion^  of  the  American  InsUtute  of  Mining  Sngimerit  5fo»tr6&l  Meeting- 
tt  Snffinefring  and  Mining  Journal,  vol.  Ixi.  p*  763* 
tt  Eeport  of  ttie  fttju*  tnipfiotorA;  Iron  and  Coat  Tntdet  RevktOt  voL  bii*  pp.  l$Afh 
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I.— BLAST-FURNACE  PRACTICE. 

Blast -Furnace  Tuyeres. — J.  M.  Hartman*  ascribes  maDj  of 
the  failures  of  bronze  water-cooled  tuyeres  to  the  insufficient  use  of 
the  pricker  rod  for  keeping  the  air  passage  open  into  the  crucible. 
In  consequence  the  blast  does  not  penetrate  properly  into  the  charge, 
and  molten  iron  and  slag  trickle  over  the  metal  of  the  tuyeres,  heat- 
ing it  so  that  oxidation,  and  finally  cutting  readily  take  place.  In 
some  cases  this  is  due  to  the  area  of  the  tuyere  being  too  large,  or 
to  an  unequal  distribution  of  pressure.  A  velocity  of  entering  air  of 
20,000  feet  per  minute  is  required  for  anthracite ;  for  coke  it  is  15,000 
feet,  and  for  charcoal  10,000.  Twelve  months  is  a  good  life  for  a 
tuyere.  In  case  of  obstruction  a  small  cartridge  is  sometimes  pushed 
into  the  clinker  in  front  of  the  tuyere. 

A  form  of  cast  iron  holder  for  a  bronze  bosh  plate  is  illustrated.! 

Charging  Blast-Fumaces. — W.  Kennedy  X  uses  an  automatically 
operated  valve,  worked  by  a  ram  on  the  hoisting  engine,  to  cut  off  the 
steam  near  the  end  of  the  lift,  so  that  the  speed  of  the  charging-skip  is 
rendered  more  uniform  as  it  approaches  the  bell. 

F.  AV.  Liirmann  §  describes  the  hoist  for  blast-furnace  charging  pur- 
poses designed  by  E.  G.  Rust.  This  consists  of  a  narrow  inclined 
plane  designed  for  two  waggons,  one  of  which  is  discharging  at  the  top 
of  the  incline,  while  the  other  is  being  charged  at  the  bottom.  The 
waggons  are  made  to  pass  half-way  up  one  beneath  the  other.. 

♦  Iron  Age,  February  21,  1901,  p.  7.  +  Ibid,,  p.  16. 

X  Iron  Trade  Review,  January  10,  1901.  p.  16. 

§  SUihl  und  Euen^  vol.  xx.  p.  1147,  two  illiutrationa ;  Journal  of  the  Iron  and  SUtl 
Inttitute,  1900,  No.  II.  p.  494. 


PRODUCTION  OF  PIG  IRON. 


423 


Experiments  io  smelting  GelHvare  A-ore  and  concentrates  in  the 
blast-furnace  are  described  by  H»  Tholander,* 


Blast -Furnace  Eepairs. — F,  Miillerf  observes  that  at  the  Dtide- 

lingen   ironworks   there    were   in    1899    six   blast-furnaces   in   blast^ 

havitig  a  total  production  of  650  tons  of  pig  iron.     Of  these,  four  had 

open  throats,  but  were  provided  with  Darley  gas  Uike-ofis.     It  was 

desired,  however,  to  equip  a  central  electric  station,  and  to  work  this 

with  blast- furnace  gas.      An  adequate  quantity  of  gas  had  therefore 

always  to  be  available.     It  was  decided,  therefore,  to  close  two  of  the 

fumaceSj  so  that  there  should  be  four  closed-top  furnaces  available, 

and  side  by  side.     The  author  now  describes  how  this  change  was 

effected,  and  the  operations  tliat  it  involved.     The  blast- furnaces  were 

'  at  the  same  time  put  into  thorough  repair.     The  costs  of  these  various 

^operations  are  given.     Iti  the  case  of  each  furnace  they  averaged  about 

Ul275. 


Westpbalian  Coke  in  the  Blast-Furnace. —The  total  production 
of  coke  at  all  the  collieries  in  the  Kuhr  coal  Held  amounted  in  19Q0  to 
9,644,157  tons.  The  production  of  coke  m  the  Saar  and  Aix-la- 
Chapelle  districts  amounts  to  about  1,400,000  tons.  There  has  of 
late  been  a  rapidly  growing  outcry  against  the  deterioration  in 
the  quality  of  the  Westphalian  coke.  This  has  not  received  due 
attention  on  the  part  of  the  maciufactiirerB,  and  attention  is  drawn  |  to 
Lit  Complete  returns  are  given  of  all  the  coke  delivered  to  a  large 
West  German  works  in  the  second  half  of  1B93  and  in  the  same 
period  of  1900,  In  the  former  period  146,270  tons  were  delivered, 
and  in  the  latter  1 37,055  tons.  The  ash  and  moisture  determinations 
showed — 


Sflcoud  Half  of  18&8. 

Btcand  Hdf  of  1900. 

Alb. 

MoUtnre. 

Mh, 

Moiitai^ 

Mnxitnum     . 
Minimuiu      . 
Average 

Fur  Cent, 

11-20 

8D1 

8^0 

per  Cent. 
6 -83 
5-59 
6^39 

per  Cent. 

10-ai 

9-64 
10^22 

Per  Cent. 

XI  78 

7-83 

10-50 

•  J^fikontQrtti  Aniudcr^  toI.  It.  pp.  id^G32, 

f  SioAl  und  EiaeTif  vol.  %m.L  pp»  4-6 ;  two  in^itrAticiai; 

Z  Ibid,,  voL  zxi.  pp.  213-213  %ad  201-293. 
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These  data  refer  in  each  case  to  seventeen  deliveries,  Uie  results  being 

given  for  each  of  these.     It  will  be  seen  that  in  the  second  half  of 

1898  the  average  ash  contents  was  8*90,  while  in  the  same  period  of 

1900  it  had  risen  to  10*22.     Again,  while  the  moisture  was  only  6*39 

per  cent,  on  the  average  in  1898,  it  was  10*5  per  cent,  in  1900.    It  is 

generally  accepted  that  to  evaporate  the  water  and  to  slag  off  the  ssh 

about  an  equal  quantity  of  carbon  is  necessary.     Calculating  on  this 

basis,  the  disposable  carbon  of  the  1898  coke  was  69*22  per  cent.,  bat 

only  58*56  per  cent,  in  1900,  or  equivalent  to  an  increase  of  4*67 

shillings  in  the  price  of  the  ton  of  coke,  with  this  at  25*2  shilliDgs. 

As  a  matter  of  fact,  the  books  of  the  blast-furnace  works  in  question 

show  that  0*116  ton  more  coke  was  used  to  produee  the  ton  of  pig 

iron  in  1900  than  was  necessary  in  1898.    The  quality  of  the  pig  iron, 

too,  was  less  satisfactory  despite  the  increase  in  the  quantity  of  coke, 

and  the  production  was  about  10  per  cent,  less,  the  coke  being  soft  and 

badly  burnt     The  extra  costs  of  the  ton  of  pig  iron,  as  a  consequence 

of  the  bad  quality  of  the  coke,  were  therefore  as  follows : — 

Shillingi. 

0116  ton  coke  at  25*2  Bbillingi 2*92 

locreaied  wages  and  increased  oonsamption  of  materials  1*44 

Manganese  lost  through  bad  quality  of  coke      .        .        .        0'16 


Total 


4-52 


To  this  has  to  be  added  increased  costs  in  connection  with  the  con- 
version of  the  pig  iron  into  ingot  iron.  It  is  shown  that  the  cost  of 
the  ton  of  ingots  is  increased  by  7*11  shillings,  the  various  details 
making  up  this  increase  being  given  seriatim. 

A  series  of  results  are  given  from  a  number  of  other  works.     These 
show : — 

Works  II. 

Year. 


1893 
18% 
1900 


Ash. 

Moisture. 

Per  Cent. 

8-76 

9-91 

10-00 

Per  Cent. 

4-76 

6-60 

1010 

The  details  for  the  other  intervening  years  show  a  steady  rise  iu 
the  total  percentage  of  ash  and  water : — 


Works  III. 


Year. 


Ash. 


Moisture. 


1887 
1900 


Per  Cent. 

7-02 

10-61 


Per  Gent. 
8'22 

10-26 


PitODUCTION  OF  PIO  IHOH. 


425 


Similar  resuHa  are  showti  for  eight  other  works.     In  all  of  theid  j 
there  was  a  steady  and  serious  rise  in  the  percentage!  of  ash  and  mois- 
ture.   iDCidetitally  attention  is  drawn  to  the  wa)r  this  latter  should  be 
determined*     A  sample  of  only  a  few  grammes  often  taken  for  thU 
asaay  in  laboratory  practice  may  readily  give  too  low  a  result     At  one 
works  a  whole  waggon ful,  0*2  ton  in  weight,  is  taken  from  the  heap, 
rapidly  broken  down,  well  mixed,  and  an  iron  box  containing  about 
11  lbs.  h  filled  with  tbta,  weighed,  and  allowed  to  stand  in  a  space 
heated  by  waste  steam  for  ope  or  two  days.     Ee liable  results  are 
obtained.     The  moisture  in  coke  varies  enormously,  even  in  the  same 
I      kind  of  coke,  accordbg  as  more  or  leas  water  is  used  in  quenching 
^■iL     In  one  and  the  same  sort  a  maximum  of  33  per  cent,  may  be 
^■fmitld,  or  only  a  minimum  of  5  per  cent.,  consequently  only  an  average 
^^pMiH  derived  from  a  number  of  determtnatione  can  give  a  result  ap- 
Hproaching  accuracy.     Most  coke  is  unfortunately  like  a  sponge^  and  if 
^  much  water  is  used  in  quenching  it,  &  large  quantity  will  he  retained 
by  the  coke. 


Blowing  Engines.  —  An  elevation,  plan,  and  sectional  elevation 
have  been  published  *  to  show  the  dimensions  of  the  new  blowing 
engine  at  the  Nortb-Eastern  Steel  Company's  Works,  Middlesbrough, 
It  is  of  the  vertical  cross-compound  type,  with  the  steam  cyHnders 
plaeed  over  the  blowing  cylinders.  The  high  pressure  cylinder  is 
46  inched  diameter,  and  the  low  pressure  90  inches  diameter,  the  two 
air  cylinders  being  90  inches  diameter;  the  stroke  of  all  is  6  feet. 
The  engine  will  deliver  62,000  cubic  feet  of  air  per  minute  at  a 
pressure  of  15  Iba.  per  square  inch,  with  a  steam  pressure  of  70  lbs., 
and  a  vacuum  of  10  lbs.  per  square  inch,  at  a  speed  of  fifty  revolutions 
per  minute.  It  is  of  ample  strength  in  all  parts  for  a  steam  pressure 
of  100  lbs.  per  square  inch,  and  a  corresponding  increase  in  blast 
pressure.     At  this  pressure  it  will  indicate  about  3800  horse- power. 

Some  illustrations  of  recent  forms  of  blowing  engines,  especially  of 
the  valves,  have  appeared.!  They  include  the  steam  valve  of  the 
Buckeye  engine,  ^  Hoerbiger  and  Rogler's  suction,  and  other  valves 
for  various  sizes  of  engines,  and  the  air  valves  of  a  blowing  engine 
at  the  Youngstown  Works, 

F.  W,  Gordon  I  gives  some  illustrations  of  part  of  a  single-acting 

*  Irofi  and  Coal  Trudei  Ret^i^te^  vol.  Ui.  pp*  1352-1364. 

f  Jbid.,  vol,  liil.  pp.  609-610. 

t  Irm  Age,  October  18.  1900*  pp.  1-6. 
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cylinder  for  a  blowing  engine  driven  by  two  gas-engines  with  bSflit^ 
fuma€€  gaa.  The  cylintier  is  72-mch  bore  and  28- inch  stroke,  It  ii 
driven  at  160  revolutions,  the  gas-engines  being  placed  at  opposHi 
ends  of  the  flywheel  shaft,  and  having  alternate  explosionB,  or  one  fi>r 
each  compression,  A  pair  of  balanced  inlet  valves  are  worked  from 
an  eccentric  set  at  88",  while  the  crank  shaft  and  the  outlet  calves,  alao 
balanced,  are  worked  from  an  eccentric  at  60^  in  advauco  of  the  ct^nk* 
They  are  thus  opened  when  the  cylinder  pressure  is  at  0  lbs,,  though 
the  air  reservoir  pressure  is  12  lbs.  Each  valve  ts  IS  inches  in 
diameter*     The  piston  speed  is  747  feet  per  minute, 

W»  E.  Snyder  *  gives  a  short  historical  sketch  of  the  blowing  engine^ 
and  deals  with  the  compression  of  the  air  aa  shown  by  indicator  dm- 
grams.  A  number  of  sections  and  other  illustrations  of  vanona  fofffit 
are  given^  and  the  details  of  construction  are  discussed^  Yertksl 
engines  of  various  types  are  chiefly  employed,  and  there  are  but  few 
borisontal  engines,  though,  in  the  author's  op  in  i  on ,  they  are  miieh  to 
he  preferred,  as  being  more  convenient  and  accessible. 

A  method  devised  by  a  German  firm  for  the  lubrication  by  meani 
of  graphite  dust  is  described,! 


Fig  Breakers.— Some  illustrations  giving  the  front  and  back  vievi 


of  Croasdeil  and  Hall's  pig  breaking  machine,  and  of  the  crane  arnmg^'^^ 
ment  for  transferring  the  comb,  have  appeared,  t     This  machine  is  iJ^ 
use  at  several  works  in  Great  Britain,  and  it  is  of  the  type  having 
breaking  rams  operated  by  eccentrics.  ^1 

Pig  Iron  Casting  Machines*— Plans  have  been  publtsbedg  of 

the  pig  casting  machine  designed  by  E,  Ramsay,  of  Birmingham^ 
Alabama.  It  is  of  the  rotary  table  type.  One  of  its  special  features 
is  the  pouring  device,  which  consists  of  a  borixontal  drum  with  radial 
boles  mounted  over  the  moulds,  and  driven  so  that  the  stream  of 
molten  metal  is  delivered  into  the  mould  and  cannot  How  on  to  their 
edges.  Tapping  devices  are  also  arranged  to  knock  the  bottom  of  the 
overturned  monld  to  free  the  pig*  ^m 

^  Frttceedinpi   of  Ihe  Engine^  Saci^g  of  Weaiern  Pfimsstitankt^  wkH   xwL  pp^ 

igo*s3ti 

t  Iron  and  Coat  Trade*  Htt'leip,  yah  Uii.  pp.  290-291. 

I  Amfrtc4tn  Munnfatiu-rer,  toI  UtiL  i*p.  449-151 ;   Iron  Tirade  JSmcio,  0«<icfnb 
IS^  IfNK),  pp,  13-15;  Kn^inetrif^f  and  Mininff  Jaumai,  ^^  IxxL  pp^  7^;  Stakl  i 
Msen^  TttL  xid  p.  165-165. 
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A  photographic  illustration*  haa  appeared  of  the  Haitman  pig  iron 
casting  machinej  of  which  one  la  stated  to  be  in  use  at  one  of  the  Lehigh 
Valley  fttrnaces*  Wrought  iron  or  ateel  moultla  are  carried  by  rock 
shafts  on  the  outside  of  a  horizontal  rotary  table  driven  through 
clutch  gear,  which  slips  in  case  there  is  a  block.  The  moulds  are  placed 
longitudiiiaily,  so  as  not  to  be  cut  by  the  molten  iron  flowing  into  one 
plaee.  As  they  pass  round  they  are  subjected  to  a  water  jet  on  the 
underside,  and  later  on  from  above  also,  in  addition  to  which  tbey 
pass  through  two  water  troughs,  in  which  tlie  water  is  maintained  at 
two  levels*  In  the  first  the  bottom  of  the  trough  only  ia  wetted,  and 
iti  the  second  the  water  is  over  the  top  of  the  mould.  Wliile  the 
mould  is  in  this  section  a  workman  loosens  the  pig,  so  that  the  water 
can  get  all  round  it.  After  leaving  this  trough  the  mould  is  turned 
over  to  discharge  the  pig  and  to  drain  off  the  water*  The  heat  in  the 
mould  dries  it,  ami  then  it  is  turned  up  again,  and  dusted  with  a  pow- 
dered bituminous  coah  The  pigs  fall  into  a  conveyor,  which  le^ds  them 
tlirough  a  straight  water  trough  to  thoroughly  cool  them,  and  then  the 
conveyor  lifts  them  and  discharges  them  into  the  railway  waggons*  At 
starting  the  moulds  ai^e  greased  to  prevent  the  water  adhering,  but  as 
soon  as  they  get  warm  this  is  not  necessary.  An  iron  notch  is  used  at 
the  blastfurnace  as  the  easiest  way  of  controlling  the  flow,  and  a  blow- 
pipe attachment  is  iitted  in  case  it  chills  up,  or  to  open  it.  A  plum- 
bago nozzle  is  used  at  the  end  of  the  runner  or  on  the  ladle,  in  order 
to  keep  the  stream  of  molten  iron  as  uniform  as  possible. 

K  Belaui  t  discusses  the  methods  for  collection  of  the  pig  iron 
from  blast-furnaces*  Attempts^  he  observes,  have  been  made  to 
entirely  replace  the  hand  labour  of  the  pig  bed  by  the  use  of  specially 
designed  mechanical  appliances.  So  far  as  the  author  knows,  these 
appliances  are  all  arranged  on  the  same  principle — they  cause  moulds 
to  pass  under  the  outflowing  stream  of  molten  iron,  whether  from  a 
ladle  or  direct  from  the  furnace.  One  kind  consists  of  an  endless 
chain,  another  adopts  a  revolving  disc,  a  third  even  pulls  the  whole 
heavy  pig  bed  arrangement  backwards  and  forwards  in  front  of  the 
furnace*  The  author  points  out  that  the  question  arises  whether 
these  variouB  constructors  really  form  the  desired  means,  and  whether 
some  simpler  way  is  not  likely  to  be  more  efficacious.  It  is  certainly 
not  necessary  to  assume  that  all  the  work  done  by  the  numerous  hands 
now  employed  should  he  done   by  one  or  two  engineers  aided  by 

*  /n>»  Aptf  Kovemljer  1, 1900,  pp.  7-^ 
f  Siahl  tind  EUmt  Tut.  xxi.  pp.  49-50. 
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meclmnical  applianeea.  Mech&ntsm  cannot  repla<^  hand  h^^mr 
the  tappiDg  of  a  blastrfurn&ce^  with  any  degree  of  ceftaiuty,  Tliif^ 
IB  Mi  operation  that  requires  oueh  care  and  attentioD,  and  is  uni  ona 
that  could  be  lightly  handed  over  to  a  mechanical  device,  LookiBg 
neEt  at  the  pig  bed  itself,  it  will  be  seen  that  the  naost  costljr  part  u( 
this  work  consiita  in  the  removal  of  the  hot  pigs.  If,  therefoTe;^  i 
toechanical  device  could  be  used,  it  would  be  for  this  part  of  the  work 
onljr*  For  this  neither  rotating  nor  travelling  coBstnictions  are  n^oei- 
aarj.  A  £xed  pig  iron  bed,  with  tipping  rows  of  mould  filled  in  the 
usual  way  from  cbannele,  is  all  that  is  needed,  provided  there  is  also  i 
system  of  pig  iron  waggons  beneath  the  moulds  to  receive  and  remote 
the  pigs.  Such  an  arrangement  as  this,  he  e«nsidere,  is  the  one  mosl 
likely  to  be  satisfactory.  He  describes  how  such  an  arrangitnent 
could  be  made.  The  iron  Bowing  from  the  blast-furnace  woold  nm, 
as  is  customary,  Into  a  main  channel,  and  from  this  into  cross* chaanek 
From  this  point  onward  the  author  modifies  the  method  on  the  lines 
sketched  out  above. 


The  Utilisation  of  Blast-Furnace  Gas.  —  H.  A.  Humphrey* 
discusses  the  use  of  power  g^is  and  large  gas-engines  for  central  statioti^ 
and  the  appendices  to  the  paper  contain  the  results  of  a  large  number 
of  tests  made  with  different  engines  under  various  conditions.  Amongst 
these  are  testa  of  a  400  horse-power  gas-engine  run  with  Mond  gsi. 
The  tests  made  at  Seraing  and  elsewhere  on  the  Continent  are  a1 
given  in  detail. 

W,  Dixon  t  shows  that  the  questions  of  1696,  as  to  whether  blael 
furnace  gas  is  ricb^  clean^  and  abundant  enough,  and  whether  there  are 
suitable  engines  on  the  market  for  the  consumption  of  the  gas^  have  now 
been  amply  answered  in  the  alSrmative  ;  but  he  expreases  surprise  that 
more  has  not  been  done  in  their  practical  adoption  in  this  country, 

A.  Wilson  }  describes  and  illustrates  a  number  of  gas-engines 
with  producer  and  blast-furnace  gas. 

J,  W.  Eichardsl  traces   briefly   the   history  of  the  use  of  bl 
furnace  gas  for  the  production  of  power  by  means  #f  the  gas-engini^^ 
and  then  makes  a  number  of  calculations  as  to  the  saving  that  may 
be  eS'ected     Three  furnaces  are  considered.     The  first  makes  a  poor 
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*  If%itiiuiiim  o/Mteimniemi  MnginefrM*  Prectedinffg^  ISOl,  "pp.  41-247. 

t  Janmai  of  the  WtM  of  Second  Irmi  ai^  Bt^  ituiiiute,  roL   rtii  pp,    I4-4S| 

t  Ibid.,  pi>.  IS5-156. 
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gas,  with  low  fuel  consmnpticm  and  with  high  blast  preisure  and 
teuiperature.  Under  these  couilitioiis  the  saving  works  out  to  about 
]  0  horse -power  per  ton  of  pig  iron  mad**.  With  tlie  other  two  ex- 
amples tbeae  figures  work  out  to  over  40  and  over  70  horse-power. 
The  first  case  is  that  of  the  ordinary  practice  of  the  present  day,  except 
that  the  stove  efficiency  has  been  taken  at  a  very  low  figure.  The 
results  of  the  calculations  are  fully  given  in  tabular  form,  and  are 
applied  to  American  practice. 

Bryan  Donkin  *  gives  a  general  review  of  tlie  utiUsation  of  blast- 
furnace gas  in  the  gas-en gine»  Amongst  other  details  it  is  pointed  out 
that  the  liigh  efficiency  attained  with  the  use  of  poor  gas  is  partly  due 
to  thd  high  compression  wkich  cannot  be  employed  with  richer  gas 
owing  to  premature  ignition.  The  different  solutions  of  the  dust 
question  are  brif  lly  sumruarised ;  and  a$  regards  the  applicatiou  of  the 
power,  it  is  pointed  out  that  the  slower  speed  of  large  engines  enables 
them  to  be  coupled  direct  to  the  blowing  cylinders. 

F,  W,  Gordon  f  gives  some  calculations  on  the  heat  and  power  araih 
able  from  the  waste  gases  of  blast-furnaces,  and  describes  a  blowing 
engine*  The  figures j  derived  from  the  working  of  one  of  the  Booth 
Chicago  furnaces,  given  by  himself  in  a  paper  to  this  Institute  |  in 
1886,  are  recalculateii  into  Bntish  thermal  units,  and  used.  The  con- 
sumption then  was  1862  lbs.  of  coke  per  ton  of  iron,  and  the  amount 
is  about  the  same  at  the  present  time.  The  gas  contains  26*08  per 
cent,  of  carbonic  oxide,  and  there  are  6 '3  lbs,  of  gas  per  lb,  of  fuel 
burnt  The  total  heat  in  the  products  of  consumption  of  these  gases  is 
7889  British  thermal  units,  of  which  1237  are  lost  in  the  chimney 
gaseSj  and  the  remainder,  less  10  per  cent  for  radiation,  that  is,  5976 
units,  are  available.  For  heating  the  4^61  lbs.  of  blast  to  1375'  F,j  1341 
units  are  required;  for  compressing  the  blast  to  12  Ibs^  above  the 
atmosphere,  821  units;  for  hoisting  material,  15  units;  for  pumping, 
43  units ;  this  leaves  a  balance  of  3765  units,  or  37  per  cent,  is  utilised 

this  way.  Of  the  total  amount  75  per  cent.,  or  5986  units,  are 
found  in  the  blast  and  the  steam.  Tlie  author  then  discusses  gas -fired 
boilers  and  steaimdriven  blowing  engines,  with  special  attention  to  the 
form  of  the  engine  used ;  also  giving  illustrations  of  parts  of  the  blow- 
ing engines  driven  by  gas-engines. 

W,  K.  Booth  §  deals  with  tl*e  utilisation  of  blast-furnace  gas  in  gaa- 

^^^  *  £nj7ii*eertVi^  MuQ^inc,  vol,  jx*  pp,  422-432. 

^^^^  t  /^«»i  Age,  October  18,  1!KN),  pp.  1-6, 

^^l^fe  t  Jt^tirmU  of  tht  Irm\  and  Btcd  JnntitHU^  IBSG,  No.  II.  p,  779- 

^^^™^  f  Onuner't  Mai^azim^  vol,  xi%*  pp,  341-348, 

■      1901.-1,  2e 
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engines,  and  discusses  its  ase  for  the  manufactare  of  odcinm  carbide 
and  for  other  purposes. 

A  paper  has  been  also  published  by  F.  Liebetanz,  *  on  the  use  of 
blast-furnace  gases  in  the  manufacture  of  calcium  carbide. 

The  engine  exhibited  by  the  Cockerill  Company  at  the  Paris  Exhi- 
bition, for  use  with  blast-furnace  gas,  is  described  by  J.  Laffargue.t 

Further  illustrated  accounts  of  the  use  of  the  Oechelhauser  gs£- 
engines  with  blast-furnace  gas  hare  appeared.  | 

A  plan  and  elevation  are  given  §  of  the  double-acting  Koertiog 
two  cycle  gas-engine^  which  is  built  to  give  350  brake  horse- 
power. 

An  illustration  of  a  four  cylinder  vertical  gas-engine  of  American 
design  is  given. || 

The  Evolution  of  the  Blast-Fumace.— W.  Kennedy  H  describes 
the  progress  of  the  blast-furnace.  A  small  blast-furnace  in  the  province 
of  Hu  Peh  in  China  is  first  illustrated,  and  a  detailed  account  of  the  work 
done  with  it  is  given.  With  its  aid  the  Chinese  could  make  thin  cast- 
ings, 20  inches  in  diameter,  7  inches  deep,  and  not  over  1-1 6ih  of  an 
inch  in  thickness.  The  Curtin  furnace  in  the  United  States,  with  its 
log-washer  for  ore,  is  then  taken  as  an  example  of  the  practice  at  the 
beginning  of  the  century,  when  the  charcoal  industry  employed  so 
many  hands.  Next  a  furnace  at  Greenborough  in  North  Carolina  is 
illustrated  as  an  example  of  the  middle  of  the  century,  and  represent- 
ing practice  as  it  was  until  quite  recently.  Then  reference  is  made  to 
the  modern  improvements  in  the  charging  and  the  methods  of  taking 
off  the  gas,  and  the  substitution  of  machinery  for  hand  labour  gene- 
rally. A  modern  furnace  will  produce  about  six  tons  of  iron  for  each 
man  employed  instead  of  a  ton  per  man  in  the  middle  of  the  centur}', 
or  one  ton  for  four  men  at  the  beginning,  or  one  ton  per  hundred  men 
in  the  Cliinese  furnace. 

J.  Birkinbine**  brieHy  reviews  the  progress  of  the  last  half  century 
of  blast-furnace  progress  in  the  United  States. 

•  (»"<..*  I. 'v\  vol.  wxvi    i»   l'.">4. 
T  Z,r  .V.i!  ..-.  HHV».  TV  h«l. 

:  Z-  'I  ,!■  {  •/  .:    r-i.-ct  A':i-^:\  vo:.  *ji.  vy.  l2»;iM271. 
$'  E'-'^r.  ■'.(■••'■,  vvU.  \vi.  i»p.  -.>  -4. 

{.'•■■:i'i.-  -.'i-  i"..i  M'.'yy-  J  •>'—.:*.  %o*.  Iwi.  jv  177. 

•  A"i.r^'.:K\'\  \hi-.u'.\. '.',,'■■,  ^.  \<\    *\vv:    j>y.  I  o. 

**  Ay      ■  S:  ; ',  .lAuu.uy  X  l,V:.  vv.  c<?  '•:  :  /-.;■.  jnti  C^^l  Trades  Review,  vol.  IxiL 
p.  iS-. 


PRODUCTION  OF  PIG  IKON. 


431 


A  New  Belgian  Blast  Furnace.— J*  Smeysters  *  gives  &  deacrip- 
tive  account  of  the  new  blast-furnacti  erected  by  the  Marciiielle  et 
Couillet  Company.  The  heiglit  of  the  furnace  is  upwards  of  74  feet, 
wliile  the  diameter  of  the  bosh  is  about  22  feet.  The  charging  will  be 
performed  by  self-tipping  cars  running  up  an  inclined  track,  this  part 
of  the  equipment  being  of  American  manufacture  and  design.  The 
furnace*tbroat  is  closed  by  a  cup  and  cone.  The  particulars  of  the 
blowing  engine  are  also  given. 

Itj  erecting  the  new  blast- furnace  at  Couillet  the  character  of  the 
coke  obtainable  in  Belgium  liad  to  be  taken  into  con  Bide  rat  ion^  and 
also  the  variable  nature  of  the  ores  to  be  smelted.t  It  was  further 
considered  that  any  abrupt  changes  in  the  internal  profile  of  the  furnace 
must  lead  to  an  irregular  sinking  of  the  charge,  and  also  that  it  would 
be  of  advantage  to  have  as  large  a  reducing  zone  as  possible.  The 
iuternal  capacity  is  nearly  21,000  cubic  feet.  The  width  at  the 
boshes  is  about  22  feet  2  inches,  and  at  the  hearth  11  feet  5  inches. 
In  order  to  avoid  any  ilL  effoct  from  thti  bosh  angle,  a  cylindrical 
portion  3  feet  $  inches  in  height  is  inserted  between  the  boshes 
and  ti»e  ah  aft.  The  firehricka  used  at  the  tuyere  level  contuin  43  per 
cent,  of  alumina,  and  those  at  the  boshes  36  per  cent  Details  as  to 
the  furnace  construction  are  given.  The  boshes  and  the  crucible  por- 
tion are  built  up  independently  of  the  shaft.  The  throat  is  closed  by 
two  superimposed  Parry  cones ^  which  are  moved  the  one  after  the 
other  by  steam  power  when  the  furnace  is  charged.  The  upjier  cone 
has  a  diameter  of  5  feet  9  inches,  the  lower  one  a  diameter  of  9  feet 
10  inches.  The  upper  cone  carries  a  sheet-iron  funnel,  through  which 
the  furnace  is  charged  in  sucli  a  manner  as  to  cause  the  material  to 
spread  out  evenly  in  the  lower  cup.  There  are  two  aide  take-offs  for 
the  gas.  These  are  proviiled  with  dust  catchers.  The  other  portiona 
of  the  btast-furnace  plant  are  also  described.  The  blowing  engines  can 
give  a  pressure  up  to  about  2 J  inches  of  mercury.  Each  of  the  two 
blast-furoaces  is  provided  with  four  Cowper  hot-blast  stoves,  each  of 
which  is  about  85  feet  high,  an^i  about  22  feet  wide.  The  slag  is 
granulated  as  it  runs  from  the  furnace,  S^^cial  arrangements  are 
made  for  the  tapping  of  the  pig  iron.  The  normal  daily  outturn  per 
furnace  will  be  160  to  170  tons» 


Prench    Blast-Furnaces*— The   Pont-^  Monsson    Company  pos- 
sesses blast-furnaces  at  Pont-a-Mousson,  and  smelts  mtnette  orea4     It 

*  Beime  Unif^rsdh  det  Minet,  vol.  UL  pp»  lOG-201* 

f  8t*tJU  utid  Ei*fnt  vqL  xxi.  ppw  I-^^  with  aix  illtifltr&tioiLS, 
t  /^ul„  vol  xji^.  p.  12£2. 


432 


THE   IRON  AND  STIBL  INDUSTRISS. 


possesses  large  iron  ore  deposits  in  the  Nancy  and  Briey  ore  fields. 
One  of  its  mines  at  Marbache  raised  131,000  tons  of  ore  in  1899, 
another  mine  yielded  23,000  tons,  and  a  third  55,000.  All  these 
are  in  the  Nancy  field.  In  the  Briey  field,  althoogh  the  ore  de- 
posits are  very  large,  difficulties  of  dealing  with  the  water  en- 
countered have  largely  interfered  with  mining  operations.  A  shaft 
is  to  be  sunk  by  means  of  the  Poetsch  freezing  method,  and  a 
daily  outturn  of  2000  tons  is  expected.  The  company  possesses 
five  blast-furnaces.  These  are  provided  with  Cowper  stoyes  almost 
100  feet  in  height.  The  daily  furnace  yield  is  between  250  and  300 
tons.  The  furnaces  have  closed  throats  with  central  take-off.  They 
are  driven  at  present  by  five  steam  blowing  engines,  but  the  use  of 
blast-furnace  gas  for  this  purpose  is  contemplated. 

This  work  possesses  five  blast-furnaces,  of  which  the  first  was  put  in 
operation  in  1878.  A  sixth  is  in  course  of  construction.  The  com- 
pany owns  iron  ore  mines  containing  over  150,000,000  tons  of  ore,  of 
which  the  following  are  analyses : — 


C-ilcareous  Ore. 
Per  Cent 

Red  Ore. 

Grey  C^re. 

Per  Cent. 

Per  Cent. 

Silica          .... 

10-70 

13 -W 

15-40 

liiine           .... 

17-50 

7-40 

5  20 

Aluiiiina    .... 

6-00 

oyo 

0  05 

MH;;nesi:»    .... 

oa^ 

0-70 

OIH) 

Phosphoric  m.'ul 

1-40 

1-72 

1-34 

Sulphuric  uci«l  . 

012 

0-08 

0-04 

Ferric  t»xitle 

!            41 -09 

55-09 

58  no 

Mjiiigaiiese  oxide 

o-J,s 

0-43 

o-:u 

Loss  on  iiinitiMii 

1            21-40 

13-4S 

11 -JC^ 

MetJiUic  iron      . 

21»-20 

3*>-00 

41-25 

Metallic  manganese  . 

0-20 

0  37 

024 

The  basic  pig  iron  blown  from  this  contains : — 


II. 


M}itii::iiieR''  . 

Piiosphonis 

(':irl).)n 

Silicon 

Sulphur 


Tiie  dimensions  of  the  blast-furnaces  are  <:iven.     Their  daily  produc- 
tions of  basic  pig  iron  are  respectively  130,  90,  145,  and  160  tons 


Per  Cent. 

Per  Cent. 

1-70 
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l-iW 

1-lN) 
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2-85 
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This  lattiir  furnace  was  only  erected  in  1898.  It  is  85  feet  4  iuchea 
high,  12  feet  4  inches  wide  lit  the  tuyeres,  22  feet  2  iDches  at  the 
boshes,  and  18  feet  at  the  throat*  It  is  provided  with  four  Cowpar 
stoveSy  each  88  feet  7  inches  liiiih  and  23  feet  wide.  The  blowing 
engines  are  capable  of  ilelivering  to  this  furnace  nearly  50,000  cubic 
feet  of  blast  per  minute,  When  furnace  No,  2  has  been  rebuilt,  and 
No.  6  furnace  completed,  the  blast-fnrnace  plant  is  expected  to  yield 
l^bout  870  tons  of  pig  iron  per  day, 

HuBgariau  Blast-Fumaces* — A,  EdviJilds*  tlescribes  a  luimbcr 
of  ilmj^anan  bl:ifit-furnace  plants.  The  older  methods  in  use  for  the 
direct  reduction  of  iron  are  first  referred  to.  The  first  blaat-furaace 
making  pig  iron  was  erected  at  Dobsina  in  IGSO,  The  subsequent 
progress  of  the  blast-furnace  iuduatrj  of  Hungary  is  then  traced,  and 
statistical  details  with  regard  to  the  production  are  given*  Among 
the  blast-furnace  plants  of  which  details  are  giyen  are  those  of  Count 
G*  Andrassy  at  B^itler  in  Gouior  County,  This  has  seven  charcoal 
blast-furnaces  in  operation.  In  1898  these  produced  34^500  tons  of 
pig  iron.  At  the  Concordia  Works  at  Csetnell,  in  the  same  county,  is 
a  charcoal  blast-furnace  which  makes  4000  tons  of  white  pig  iron  yearly. 
Another  belonging  to  the  same  company  at  Henczko  is  served  with 
charcoal  mixed  with  6  per  cent,  of  coke.  In  1898  it  consumed  6700 
tons  of  calcined  spathic  ore,  1700  tons  of  spathic  carbonate,  8700  tons 
of  hmestone,  3750  of  charcoal,  and  140  tons  of  coke.  Hot  blast  is 
used.  About  3200  to  4000  tons  of  pig  iron  are  made  annually.  At 
Kwn-Tapl6cza  this  comi^any  poaa eases  a  third  blast-furnace.  This  too 
is  served  with  charcoal  mixed  with  a  little  coke.  In  1898  it  smelted 
7600  tons  of  raw  ore,  of  which  15  per  cent  was  spathic  carbonate  and 
the  rest  limonite.  The  Hmestone  used  was  1870  tons  and  the  char* 
coal  3100  tons.  It  produces  about  3500  tons  of  grey  pig  iron  per  yean 
A  large  number  of  other  works  are  also  briefly  referred  to. 


Charcoal  Blast-Furnaces  in  Moravia, ^J.  Lowagt  observes 

that  there  is  no  historical  evidence  as  to  the  commencement  of  the 
iron  industry  in  the  neighbourhood  of  Rtimersiadt  in  Moravia,  nor 
indeed  in  Kortliern  Moravia  and  Austrian  Silesia  generally ;  and  no 
one  knows  with  any  certainty  who  were  the  first  miners  there,  what 
their  nationality,  or  whence  they  came.     The  belief  of  some  writers 

^H    *  '*  UIiidiutHe  d«a  Mineit  tl^  Per  et  Hnuta  Foumeauic  <Ic  Hongrie/'  6u<Up»ti  1900, 
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that  UornerKtadt  wan  founded  in  connection  with  the  Boouui  l^gioDs 
ill  war  with  the  Markomaniii  and  Qoaden  is  a  mere  asnmpdoa.  Toe 
oldcHt  known  statement  as  to  the  place  dates  from  1350,  and  here  the 
name  is  given  aa  lUymerstadt  Tlie  aathor  thinks  that  it  was  rather 
the  original  inhabitants  than  the  Romans  who  first  b^an  mining  in 
these  districts.  The  remains  prore  that  mining  and  smelting  most 
have  existed  here  in  very  ancient  times.  The  anthor  sketches  the 
iron  production  of  KOmerstadt  in  historical  times.  Pessina  states 
in  his  history  of  Moravia,  published  in  1677,  that  in  the  Moraviin 
Mountains  there  was  a  good  deal  of  iron  ore,  and  that  ironworks 
exisUid  at  many  places,  the  most  important  being  the  Janowitz  Works 
(R(jmerstadt),  which,  with  the  Pemstein  and  Hochwald  furnaces, 
produced  the  best  kinds  of  iron,  and  from  which  cannon,  balls, 
muskets,  &c.,  were  made.  The  first  blast-furnace  was  erected  at 
Janowitz  in  1760,  two  others  being  erected  in  the  following  year 
at  Fried richsdorf  and  Karlsdorf.  The  Friedrichsdorf  furnace  was 
put  out  of  blast  in  1788  on  account  of  an  inadeqnate  supply  of 
charcoal.  Tlie  author  traces  the  progress  of  the  Janowitz  Works 
from  that  time  on,  showing  what  was  its  annual  outturn,  and  how 
the  various  furnaces,  &c,,  were  increased  in  number.  In  1850  the 
ore  charge  for  the  blaHt-furnace  contained  34  per  cent,  of  iron ;  from 
240  to  250  cubic  feet  of  charcoal  were  required  for  each  ton  of  pig 
iron,  and  from  300  to  500  lbs.  of  limestone  were  added  per  ton  to 
the  ore  charge.  About  this  period  the  want  of  an  adequate  supply 
of  charcoal  began  to  make  itself  felt.  When  the  sixties  were  reached, 
the  production  began  steadily  to  diminish,  and  gradually,  from  one 
cause  and  another,  one  charcoal  furnace  after  another  had  to  stop 
working  (the  Janowitz  Works  among  the  rest),  until  none  remained 
in  this  district. 

Large  quantities  of  iron  ore  still  remain  available.  Those  of  the 
Janowitz  district  are  magnetites  and  red  haematites,  brown  iron  ore  being 
also  met  with.  The  former  iron  ore  mining  dealt  chiefly  with  two 
beds  scj)arated  from  each  other  by  some  220  yards  of  chlorite  schist. 
The  ore  zone  is  about  063  miles  in  width  and  about  6*3  miles  long. 
Tiie  beds  vary  in  thickness  from  a  yard  to  a  couple  of  fathoms,  and 
the  iron  contents  from  30  to  60  per  cent.  If  magnetite  and  red 
haimatite  occur  together  in  the  same  bed  of  ore,  by  no  means  a  rare 
occurrence,  then  usually  the  hieuiatite  is  at  the  roof  and  the  magnetite 
on  the  foot  wall.  At  the  Braunelstein  mine  the  ore  averages  62  p*^r 
cent,  of  iron.     Tlie  most  important  of  the  former  mines  are  name«i 
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by  the  author  and  briefly  described.  He  refers  to  some  eight  of 
these  in  all,  the  beds  of  ore  worked  varying  from  one  to  six  yards 
in  thickness,  and  the  ore  contents  from  30  to  62  per  cent,  of  iron. 
At  the  time  iron  smelting  stopped  the  ore  reserves  were  estimated 
at  about  16,000,000  tons.  Means  of  communication  are  good,  as, 
in  addition  to  good  roads,  a  railway  station  is  less  than  two  miles 
away,  and  the  author  thinks  that  a  coke  blast-furnace  plant  would 
now  prove  a  profitable  concern  if  established  at  this  point,  the  cost 
of  transport  of  the  coke  being  more  than  counterbalanced  by  the 
quantity  of  ore  in  the  vicinity,  and  the  cheap  rate  at  which  it  could 
be  mined  and  delivered  at  the  works. 

Charcoal  Blast-Furnaces  in  Bosnia-Herzegoyina.-— According 

to  F.  Poech,^  one  blast-furnace  still  remains  at  Stari  Mnjdau,  in 
the  north-west  of  Bosnia.  The  new  Vares  Works,  situated  at  the 
foot  of  the  incline  bringing  down  the  ore,  includes  numerous  kilns  for 
roasting  spathic  and  brown  ores,  two  blast-furnaces  with  five  Cowper 
stoves,  and  a  foundry  for  pipes  and  other  castings.  The  new  blast- 
furnace, which  is  probably  the  largest  charcoal  furnace  in  Europe,  is 
53  feet  high,  15  feet  wide  in  the  boshes,  and  8  feet  in  the  hearth, 
with  six  4J-inch  tuyeres,  with  blast  at  5  lbs.  pressure  heated  to  700** 
to  SOO**  C.  The  charge  is  190  lbs.  ore,  15  lbs.  limestone,  and  85  lbs. 
charcoal  per  100  lbs.  pig  metal,  and  the  make  from  80  tons  to  100 
tons  per  day,  the  composition  varying  within  the  following  limits  : — 


White. 

Grey. 

Silicon 

0-4 -0-8 

1-8 -3-55 

Mnnganese 

3-5-60 

0-9-2-20 

Sulphur      . 

004 -0-055      . 

0-04 

I*bo8phuru8 

010 -0-25 

0-20 

Copper 

010 -0-20 

007 

The  total  production  of  the  year  is  40,000  tons,  about  three-quarters 
being  white  and  one  quarter  grey  metal.  Lately  a  cargo  of  this  iron 
has  been  sent  to  Rotterdam. 

Blast-Fomaces  in  Elba. — In  January  1900  the  first  stone  of  the 
Elba  blast-furnaces  was  laid  at  Portoferraio.  The  two  furnaces  will 
be  ready  for  use  in  a  year's  time.  The  gases  will  be  used  as  motive 
power  in  four  gas-engines  now  being  made  by  the  Gockerill  Company 
of  Seraing.  Of  these,  the  one  designed  to  drive  the  blowing  engines 
will  be  of  600  horse-power,  and  the  others  of  200  horse-power  each.f 

*  '*  L'lndustrie  Minerale  de  Bosnie-Herzegovine,"  Vienna,  1900. 
t  Rassegna  Mirwnina,  vol.  vi.  p.  280. 
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New  RoBsian  Blast-Foniace  Plant— -iL  PieFTonnc*  pablub« 

two  illuHtrations  of  a  new  blast-furnaoe  plant  at  Kertaefa,  on  the  Sei 
of  Azov.  There  is  one  blaBt-furnace  rather  over  81  feet  higb,  19  (eti 
6  inches  wide  at  the  boshes,  and  with  a  capacity  of  abont  18,625  cahc 
feet.  It  is  provided  with  twelve  tujeres.  This  famace  is  to  sme!t 
the  neighbouring  iron  ores,  which  contain  about  38  per  cent,  of  iro3. 
It  will  make  a>>out  150  tons  of  foundry  pig  iron  daily. 

Another  new  blast-furnace  has  been  erected  at  the  Alexander  Works 
of  the  Hriansk  Smelting  Company  at  Ekaterinoslav.  This  funiace  is 
about  6*5  feet  higher  than  the  one  mentioned  above,  but  is  of  the  same 
width  at  the  boshes.  It  also  has  12  tuyeres.  It  smelts  iron  ores  from 
the  Krivoi  Uog,  with  an  average  iron  content  of  58  per  cent  On  the 
fourth  day  afU^r  it  was  blown  in  last  autumn  it  made  150  tons  of  pig 
iron.  It  is  hopeci  to  raise  this  to  300  tons.  The  author  states  that 
these  are  the  two  largest  blastfurnaces  in  Russia. 

New  American  Blast-Fumaces. — A.  C.  Johnston  t  describes  in 
considerahle  detail,  and  with  the  aid  of  numerous  sections,  the  construc- 
tion of  a  modern  blast-furnace  and  its  equipment  for  making  600  tous 
in  twenty-four  hours.  The  Lorrain  plant  is  taken  as  the  example. 
It  couHiHts  of  two  stacks,  built  in  1899,  each  100  feet  high,  22  feet  in 
diameter  at  tlie  boshes,  an<l  14  feet  in  the  hearth.  The  hearth  jacket 
is  cjirricil  much  d<H*pcr  than  usual,  and  there  are  two  rings  of  bronze 
cooling  plattjs  below  the  tuyeres,  ten  rings  above  them,  and  then  a 
furtlier  three  rings  of  cast  iron  cooling  plates,  or  277  bronze  and 
48  cast  iron  plates  in  all.  The  stock  lines  are  protected  by  twelve 
rings  of  cast  iron  se«^mcnts  built  into  the  brickwork.  The  furnace 
is  blown  tbroui^h  sixteen  G-incli  tuyeres.  Gas  is  led  through  two 
downconicrs,  G3  inches  in  internal  diameter,  into  a  dust  catcher,  and 
may  be,  further  purified  in  washers.  Each  furnace  has  four  stoves, 
the  heating  surface  in  each  being  34,000  square  feet,  and  two  blowing 
en;^'ines  with  a  fifth  in  reserve.  These  engines  have  steam  cylinders 
44  and  84  inches,  and  air  cylinder  84  inches  in  diameter,  with  i 
common  stroke  of  44  inches.  The  air  may  be  delivered  at  30  Ib^. 
pressure,  but  the  usual  blast  pressure  is  14  lbs.  The  stock  bins  are 
placed  underground,  and  the  material  is  taken  from  them  to  the 
skip  by  five  trucks  with  automatic  weighing  appliances.  The  skip  U 
cotinterbalanced  and  has  a  capacity  of  240  cubic  feet,  and  nxns  on  uri 

*  S(ahl  nnd  Einfn,  vol.  x\i.  pp.  lOo-lOO;  two  illustrations. 

t  Jonni'if  of  the  A^rtort'ittnni  #»/  Emjimcring  Soricti(.s,  January  1901  ;  Ef.'r'trf'^.t-; 
NewSy  vol.  xlv.  pp.  2\S  2H». 
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'  Inclined  skipwajr.  Steam  is  supplied  by  twenty-four  vertical  water- 
tube  boilers  of  250  horse -power  each. 

■    An  endless  belt  pig  casting  macblne  is  in  use,  and  to  prevent  the 

^Igs  sticking  the  moulds  are  smoked  instead  of  being  washed  with 
clay*  Ladie  trucks,  holding  15  tons,  take  the  iron  from  the  furnaces 
to  the  easting  machine.  The  shig  ladles  hold  200  cubic  feet  and  have 
renewable  cast  iron  linings.  Each  furnace  is  tapped  six  times  daily, 
and  a  pneuraatic  tapping  gun  is  used  to  stop  the  taphole.  A  tilting 
mixer  holding  300  tons  receives  metal  for  the  steelworks.  One  fur- 
nace ran  for  a  year  and  the  other  for  about  eleven  months  before 
being  put  out  of  blast,  and  the  production  was  162,687  and  132,290 
tons  respectively^  and  sections  are  given  to  show  the  lines  of  the 
furnaces  before  and  after  the  run*  It  was  then  found  that  the  cast 
iron  rings  at  the  stock  lines  were  of  doubtful  value,  the  cooling  system 
in  the  beartli  was  soon  rendered  ineffective  by  the  stopping  of  the 
pipes,  and  a  good  many  breakagt^s  at  the  stoves  had  to  be  remedied 
by  heavier  sections  made  of  stetil  A  very  larg«  number  of  sections 
and  plana  are  given  of  the  different  parts.  These  include  plans  and 
elevations  of  the  plant,  sections  of  the  furnaces,  cooling  apph*ances, 
valves,  gas  washer  and  dust  catcher^  of  the  stoves  and  tlieir  valves, 
burners  and  chimneysj  seciions  of  the  chargiug  bins,  the  furnace  top, 
slag  and  metal  ladles,  &c» 

C-  Larsen^  describes  the  new  blast-furnace  erected  by  J.  Kennedy 
at  Neville  Island,  six  miles  from  Pittsburg,  for  the  American  Bteel  and 
Wire  Company,  and  gives  a  number  of  photfpgraphic  illustrations  show- 
ing the  progress  of  eonstrnction.  Tlie  furnace  is  100  feet  high,  with 
23-foot  boshes,  and  has  four  blast  stoves  100  by  21  feet.  Special  unload* 
ing  arrangements  are  provided  for  the  ore  railway  waggons  and  for  load- 
ing the  trucks  used  for  charging  j  of  them  a  short  description  is  given. 
At  Phiilipsburg,  New  Jersey,  an  anthracite  furnace,  75  feet  iiigh, 
with  a  IS-foot  bosh,  9J-foot  hearth,  and  12-foot  stock  line,  was  blown 

k^ut  after  a  run  of  Eve  years,  during  which  it  made  197,162  tons  of 
pig  iron  from  t»re  containing  57  per  cent,  of  iron.  It  had  fifty -two 
bronze  bosh  plates,  of  which  only  one  had  to  be  renewedj  and  it  was 
blown  through  seven  5»inch  tuyeres,  t 

It  is  stated  \  tliat  two  300-ton  charcoal  blast-furnaces  are  to  be 
built  at  San  He  8te  Marie,  Ontario.  Michipicoten  ore  is  to  be  smelted. 
Another  cliarcoal  furnace  capable  of  making  150  to  175  tons  daily  la 
to  be  built  at  Marquette. 

*  Amtt*ican  Manttfaciurtr,  toI.  IxTiii.  pp.  257-200. 

t  Iron  Ttiidt  Review,  Januftiry  10.  1901,  p.  Ifl. 

t  Engintetiti^  tAnd  Mining  Jaurfifil^  vol  Ix^i.  p.  249. 
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II.— CHEMICAL  COMPOSITION  OF  PIG  IRON. 

Irregular  Distribution  of  Sulphur  in  Pig  Iron. — R.  BolliDg^ 
describes  some  experiments  for  ascertaining  the  distribution  of  sulphar 
in  cast  iron.  One-pound  samples  were  taken  at  intervals  from  the 
runner  while  a  cast  was  being  made,  and  10  lbs.  of  the  metal  thus 
collected  was  run  into  a  sand  mould  about  a  foot  long.  After  cooling, 
eight  holes  were  drilled  transversely  at  intervals  of  If  inch.  Com- 
mencing at  the  top  of  the  bar  and  taken  successively,  the  borings 
showed  the  following  percentages  of  sulphur  respectively: — O-OSS, 
0036,  0 036,  0-036,  0*036,  0032,  0030,  0-023.  It  will  be  seen  that 
the  difference  between  the  two  extremes  amounts  to  0*013.  Heuce, 
to  obtain  a  true  assay  for  sulphur,  the  bar  should  be  drilled  through 
from  top  to  bottom  and  the  drillings  well  mixed. 


Russian  Charcoal  Pig  Iron. — Neumarkt  gives  some  analyses 
of  charcoal  pig  iron  and  blast-furnaoe  slags  from  the  Ural  district 
These  show : — 

rig  Iron.  Per  CSent. 

Silicon 0-67  to  l-«0 

Mangane.He.         ........  0'36  ,,  2'16 

Phosphorus 0*04  ,,  0*40 

Suli»hur Tn»ce„  0*07 

Chopper „      „  0*08 

Graphite „      t,  3'77 

Conjbineil  cHrbon        .......,,,,   1*45 

Tolul  carbon 0*70  ,,  4  1)6 

An  analysis  of  a  ferro-silicou  showed  18*1  per  cent,  of  silicon,  0*72  of 
manganese,  Oil  of  copper,  and  0*76  of  total  carbon. 
The  following  are  the  analyses  of  slags  : — 


From 


Fount  by  piir  iron     . 
Firro-tliit»n)o  . 
Ft'rrt>-inaiii,':uu*se     . 
Ftiio-silicii    . 
F'»»m«hv  piii  iron     . 
Nut  .levcrihr.l 
Oj'«'ii-h«'arth  pi^  Iimm 


Fe. 


Per 
CVnt. 
0  2 
10 
10 
o:> 
4r> 

0-2 
0-5 


1     Mn. 

SiO^ 

'     Per 

Per 

Cent. 

Cent. 

2  1) 

520 

0-4 

45-7 

140 

331 

0  2 

42-5 

ir> 

46  5 

;^,5 

Tj.J.O 

4-7 

44  6 

AlaOj.        CaO. 


Per 

Per 

Per 

Cent. 

Cent. 

Cent 

17-0 

220 

5-5 

191 

21-8 

9.9 

9  2 

28-7 

6;J 

12-8 

43-5 

0-8 

14-0 

24-8 

4-9 

195 

10-5 

10-7 

10-7 

22-4 

103 

Mf^-O. 


J»uritaJ  nf  the  Amfricaii  Chcmicnl  Sitcitti/,  vol.  xxii.  pp.  798-799. 
+  Stahl  utid  Kistti,  \o\.  xxi.  p.  112, 
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The  fifth  and  sixth  were  from  the  Perm  government,  the  first  from 
the  government  of  Orenburg.  The  slag  from  ferro-chrome  also  con- 
tama  0"5  per  cent,  of  chromium. 


k 
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Slag  Cement— W.  K,  Hatt*  gives  a  general  account  of  the  nature 
and  properties  of  slag  cement,  with  tables  of  chemical  analyses  and 
mechanical  teats  of  cements  from  various  sources,  and  also  an  account 
of  the  development  of  the  industry*  In  America  there  are  six  mills 
making  slag  cement,  and  two  otliers  which  use  slag  aand  as  a  con- 
stituent in  cement  manufacture.  The  full  results  of  some  tests  made 
at  Purdue  University  in  1900  with  four  brands  are  especially  dealt 
with.  Those  cements  containing  sulphides  are  liable  to  deterioratiou 
owing  to  the  oxidation  of  that  constituent* 

C.  Steffens  t  describes  the  results  obtained  In  the  manufacture  of 
Portland  cement  from  blaat-furnace  slag  at  the  slag  cement  worlta 
connected  with  the  Hirzenhain  and  Lollar  ironworks*  The  roethod  of 
manufacture  is  stated  to  be  simple,  safe,  and  certain ,  and  the  results 
obtained,  wuth  all  the  apparatus  useil,  and  especially  with  the  rotating 
ovens,  to  be  in  every  way  satisfactory.  The  raw  material  consists  of 
hard  limestone  and  wet  granulated  slag  sand*  On  account  of  its 
chemical  properties  ground  slag  is  not  capable  of  utilisation*  The 
limestone  and  the  slag  have  to  be  dried,  and  then  ground  up  together 
and  intimately  mixed.  It  is  well  known  how  Uiffi^cult  it  used  to  be  to 
dry  slag  thoroughly,  and  those  works  which  were  not  supplied  with 
rotating  furnaces  found  this  drying  operation  a  very  costly  one. 
Indeed  at  one  such  works  the  drying  of  the  slag  cost  as  much  as  the 
burning  of  the  cement  itself.  By  the  use  of  the  rotating  furnaces  the 
operation  becomes  very  simple  and  cheap.  The  slag  is  mixed  with 
the  right  quantity  of  crushed  limestone,  and  is  first  citarged  into  a 
calciner  heated  by  the  waste  gas^s  from  the  rotating  cement  furnace. 
It  gets  dried  in  this,  and  the  rotation  of  the  furnace^  with  the  addition 
of  the  lime  as  well,  causes  the  slag  to  become  very  Jinely  powdered^ 
even  in  this  drying  oven  itself*  Most  of  the  limestone  is  at  the  same 
time  burnt  to  oxide,  and  the  texture  of  the  whole  so  greatly  changed 


*  rj^t>cr  rent]  before  the  Indiana  Enfiineering  Societf,  Febrajiry  15,  1901  ; 
ing!  News^  vol.  tlW.  pp.  Iti4'165v 

t  St4thl  und  Eiien,  vol  x%.  py,  1170-1171. 
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that  sab8e()uent  pulverisation  ia  an  operation  very  easy  to  perform.  The 
result  is  that  this  drying  ''calciner"  takes  a  place  as  a  grinder  in  the 
grinding  operations.  No  special  firing  being  neoessaty,  the  drying 
operation  not  only  costs  very  little  to  perform,  bat  at  the  same  time 
jrields  a  product  already  finely  ground,  thoroughly  dry,  and  intimately 
mixed.  The  subsequent  grinding  requires,  therefore,  but  little  power, 
and  with  a  maximum  output  yields  a  very  finely  divided  material. 
The  powdered  material  thus  obtained  is  then  charged  into  the  rotatiog 
cement  burner.  Works  using  other  types  of  cement  furnaces  have 
first  to  again  moisten  the  material,  add  binding  materials,  press  into 
bricks,  and  heat,  before  finally  burning  it.  The  whole  of  these  opera- 
tions are  eliminated  by  the  use  of  the  rotating  fumaoe.  At  the  LoUar 
Works  such  a  furnace  yields  about  150  casks  a  day,  or  almost  50,000 
a  year.  Coal-dust  firing  is  employed.  The  total  quantity  of  coal  used 
is  about  18  to  20  per  cent  of  the  weight  of  the  "  burnt  clinker."  This 
"  clinker ''  leaves  the  furnace  at  a  white  heat  This  is  again  an  advan- 
tage, as  some  cements  gain  in  quality  by  being  rapidly  cooled  by  water, 
and  the  large  reserve  of  heat  remaining  in  this  hot  mass  could  also 
be  utilised  for  drying  purposes.  The  "clinker**  produced  in  this  way 
in  the  rotating  furnace  is  not  nearly  so  solid  and  compact  as  that 
which  results  when  briquetting  has  first  been  adopted.  The  cement 
produced  is  of  excellent  quality.  The  author  thinks  that  this  method 
will  be  ver}-  widely  adopted  in  the  future,  being,  as  it  is,  both  the 
simplest  and  cheapest. 

Slags  from  Luxemburg  Pig  Irons. — Some  analyses  of  slags  are 
published  by  the  Luxembiiri:- Lorraine  Iron  Syndicate,*  whose  produc- 
tion of  pig  iron  in  1899  was  1,712,000  tons.  All  these  slags  are  from 
pig  irons  nia<le  from  Luxemburg  ores.  A  No.  III.  foundry  pig  iron, 
containing  2*71  per  cent,  of  silicon,  yielded  a  slag  whose  analysis  was 
as  follows  : — 
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The  slag  from  a  foiimlry  pig  iron,  which  contained  as  much  as  6*37  per 
cent,  (^f  silicon,  had  the  following  composition  : — 
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*  St.ihl  uridAu«n,  To].  XX.  pp.  126tV-12G7. 
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Slags  from  pig  iron  intended  for  steel  manufacture  contained  : — 

I.  II. 

Per  Cent. 

Silica 3110  3068 

Alumina 1720  17*20 

Lime 46-7«  4579 

Ferrous  oxide 1*52  1*14 

Manganous  oxide 0*35  0'36 

Sulphur 110  1-24 

Magnesia 2*45  2*56 

The  Use  of  Slag. — A.  D.  Elbers*  again  advocates  the  use  of 
blast-furnace  slag  as  a  liming  material  on  certain  varieties  of  land. 
For  this  purpose  it  must  be  thoroughly  disintegrated. 

G.  Lunge  t  shows  that  a  given  granulated  basic  blast-furnace  slag 
differs  from  slag  from  the  same  source  slowly  cooled,  in  that  the 
former  contains  but  very  little  free  silicic  acid  and  a  fairly  large 
amount  of  aluminium  silicate,  whilst  in  the  latter  the  proportions  are 
reversed. 


l\.— FOUNDRY  PRACTICE. 

Foundry  Appliances. — W.  P.  Pressingerl  gives  an  illustrated 
description  of  those  foundry  appliances  which  are  driven  by  com- 
pressed air.  These  include  the  direct  acting  and  other  types  of 
pneumatic  hoists  and  cranes,  the  pneumatic  chipping-tool,  the  air- 
driven  drill,  the  reversible  pneumatic  rammer,  sand  blast  by  itself 
and  in  connection  with  the  tumbling  barrel  for  cleaning  castings,  air- 
driven  sand-sifters,  pneumatic  moulding  machines,  and  pneumatic 
spray  producers  for  painting.  The  choice  of  air-compressors  is  also 
dealt  with. 

Illustrations  are  given  §  of  a  pneumatic  rammer  for  sand  moulding. 
It  is  double  ended,  and  is  mounted  on  trunnions  so  as  to  be  reversible, 
and  the  valve  arrangements  are  such  that  the  length  of  the  stroke  may 
be  varied. 

F.  R.  Jones  ||  gives  the  result  of  a  number  of  tests  of  electrically 
driven  machines  in  machine-shops  and  foundries.  These  include 
cranes,  fans,  &c. 

*  AmericcM  Manufacturer,  toI.  Ixviii.  p.  12. 

t  Zeitschrift  fUr  angewandU  Chemie,  1900,  pp.  409-412. 

X  Journal  of  ihe  American  Foundrymen's  Atsociation^  vol.  ix.  pp.  97-112. 

§  American  Manufacturer^  vol.  Ixvii.  pp.  454-455. 

II  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 
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An  illustration  is  given  *  of  an  electrically  driven  machine  used  bj 
the  Lorrain  Foundry  Company  for  stripping  core  barrels  from  ingot 
moulds.  The  pressure  is  applied  by  a  screw  which  can  be  driven  at 
two  different  si)eeds  from  the  electromotor. 

P.  Longmuir  t  gives  a  survey  of  modern  foundry  practice  in  iron, 
steel,  and  other  metals,  generally  reviewing  the  points  on  which  ad- 
vance has  been,  or  is  to  be  made,  and  giving  a  number  of  illostra- 
tions  of  modem  appliances.  Amongst  these  are  a  portable  stove 
and  fan  for  drying  large  moulds  on  the  floor,  and  travelling  tables 
for  taking  the  flasks  from  moulding  machines  past  the  cupola  for 
pouring  to  the  point  where  they  are  cooled  sufficiently  for  shak- 
ing out. 

Cupola  Practice. — T.  D.  West  X  gives  some  notes  on  the  con- 
struction and  management  of  cupolas.  For  larger  cupolas^  centre  blast 
is  preferred  to  contracting  the  cupola  at  the  tuyere  level.  The  in- 
crease of  height  to  as  much  as  30  feet  to  the  charging  doors  has 
produced  much  economy,  and  even  for  short  runs  the  height  should 
be  3^  times  the  diameter.  An  ample  stack  should  be  placed  above 
the  charging  point.  The  tuyeres  should  be  at  least  sufficiently  high 
above  the  drop  bottoms  to  hold  the  amount  of  metal  desired,  but  the 
height  may  be  decreased  if  the  cupola  is  tapped  at  frequent  intervals. 
The  slag  should  be  thin.  The  combined  area  of  the  tuyeres  should 
be  25  per  cent,  of  the  average  sectional  area  of  the  cupola,  and  tuyeres 
are  advantageously  placed  at  a  second  or  upper  level  to  supply  air  for 
complete  combustion.  From  30,000  to  35,000  cubic  feet  or  1 J  ton  of 
air  are  required  to  melt  a  ton  of  iron. 

W.  Sangster  g  shows  that  the  horse-power  required  to  produce  blast 
for  a  cupola  is  equal  to  three-tenths  of  the  tons  melted  per  hour, 
multiplied  by  the  blast  pressure  in  ounces  per  square  inch.  For  forge 
blast,  an  allowance  of  075  horse-power  may  be  made  for  each  forge, 
and  0*44  horse-power  for  exhausting  smoke. 

D.  T.  Kandall  |  describes  the  course  of  instruction  in  foundry  practice 
at  the  Illinois  University.     Some  illustrations  of  the  plant  are  given, 

Au  account  has  appeared  of  an  experiment  made  by  W.  A.  Granger  H 

*  Iron  and  Coal  Trada  Hcvinr,  vol.  Ixii.  p.  442. 
t  Enoiiu trill'/  Mafjazinr,  vtil.  xx.  i>p.  041  CSA. 

X  Paper   leatl   l»otore    tlie   Now   Englaml    Foundry men*8  Association;    Iron    Trade 
lUview,  .March  21,  IfKH,  p.  12. 
§  Taper  rciul  before  the  American  Society  of  Mechanical  Engineers. 
!l  Iron  Trade  Jievicir,  April  4.  lOiU.  pp.  20  2S. 
^  Emjinccring,  vol.  Ixx.  pp.  OOO. 
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iliow  the  value  of  usiijg  the  et^i^Se  or  taperiog  outlet  or  diacharg^ 
pip&  for  blowing-faiiB*  The  blast  from  a  Sturtevant  fan  driveti  by 
I  small  gas-eiigine  wa3  led  first  throiigli  a  straight  pipe  and 
then  through  a  taperiug  pipe  into  a  box  from  which  it  had  a 
free  outlet.  With  the  tapering  pi]»e  much  larger  quantities  of  air 
^pwere  delivereil* 

MacMne  Moulding,--!.  L.  M*Cord*  coinpares  stripping  plate 
and  power  ramming  machiues  for  monldingi  much  to  the  advaiitage  of 
tlie  formerp  In  machine  moulding  there  are  five  leading  points  to  be 
considered  :  First,  getting  the  pattern  and  match  board  together  and 
putting  in  the  aand;  second,  ramming  or  compressing  the  sand ;  thirds 
removing  the  pattern  from  the  sand  ;  fourth,  placing  the  mould  on 
the  floor;  fifth,  ponring  the  iron  into  the  moulds.  Other  operations, 
BUch  aa  preparing  the  sand,  facing  the  moulds,  shaking  out  the  cast- 
ings, may  be  taken  to  be  tlie  same  for  power  and  for  hand  moulding, 
A  saving  may  readily  be  made  in  one  or  more  of  these  operation b, 
but  it  is  difficult  not  to  increase  the  expense  in  some  of  the  others 
at  the  same  time.  Some  instances  are  given  by  the  author  to  show 
that  much  more  time  is  often  taken  in  drawing  the  pattern  than  in 
ramming  iL  In  one  case  the  ratio  was  3S  to  7,  but  in  this  case 
tlje  pattern  was  admittedly  difficult  to  draw.  The  economies  that 
have  arisen  from  these  power  ramming  machines  are  very  often  to 
be  ascribed  to  the  other  improved  machinery  which  is  used  in  con- 
nection with  them  and  not  to  moulding  itself ;  and  the  anther  thinks 
that  the  hand  ramming,  stripping  plate  machine  will  and  does  give 
far  better  results.  Especially  is  this  so  when  reversible  pneumatic 
rammers  are  used* 

These  opinions  are  strongly  controverted  by  E»  H,  Muraford  t  and 
others.  It  is  pointed  out  that  power  ramming,  tiiat  is,  pneumatic 
pressing  machines,  use  very  much  lesa  work  than  the  numerous  blows 
given  by  a  workman  who  uses  either  hand  labour  or  pneumatic  per- 
cussive rammers.  Further,  the  author  haa  given  a  very  low  estimate 
■  for  the  speed. 
An  illustration  is  giveii  |  of  a  lai^e  stripping  plate  montding 
machine  for  castings  0  feet  in  length  and  weighing  300  lbs.,  intended 
for  the  side  bars  of  tramway  bogie  frames* 

•  Paper  riKid  before  the  FoaDdrymeEi'i  AitocUtion,  November  7,  1900. 
t  Inm  Trmdc  MevkiVt  Notcmber  22, 1900^  [i.  15. 
t  Itftd.,  Fobimi^  21|  1901^  p,  13, 
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H.  Whiting  *  describes  the  method  of  using  the  Maywood  stripping 
plate  for  moulding  M.C.B.  draw-bars  at  a  works  at  Melrose  Park, 
Illinois,  where  five  sets  of  one  cope  and  one  drag  machine  each  are  in 
use.  The  flask  is  lifted  on  to  the  stripping  plate  bj  an  air  hoist^  the 
patterns  brushed  with  oil,  sand  sprinkled  in,  and  then  sand  is  filled  in 
from  a  shoot,  first  moulding  sand  and  then  floor  sand.  At  present  two 
men  ram  by  hand,  but  it  is  intended  to  use  pneumatic  rammers. 
The  mould  is  then  stripped  by  air  pressure  and  removed  by  the  hoist 
to  the  floor. 

W.  D.  Forbes  f  points  out  the  great  perfection  now  attainable  in 
small  and  finished  castings,  and  thinks  that  machine  work  may  be 
much  lessened  by  their  use. 

Illustrations  have  appeared  {  of  portable  riddling  appliances  for 
foundry  sand,  in  which  the  sieve  is  shaken  by  a  small  pneumatic 
cylinder. 

It  often  happens  in  shops  that  pipe  fittings  of  odd  shapes,  not 
likely  to  be  used  more  than  once,  are  wanted  in  a  great  hurry,  and  it 
is  therefore  necessary  to  minimise  as  far  as  possible  the  time  and 
expense  of  pattern-making.  J.  M.  Hichardson  §  gives  some  practical 
suggestions  on  the  improvising  of  patterns  and  core  boxes  to  suit  in- 
dividual shapes  of  common  occurrence,  such  as  bends,  offsets,  and 
U-pipes,  with  illustrations  showing  the  methods  he  adopts. 

K.  H.  Palmer  describes  ||  a  method  of  moulding  large  castings  by 
bedding  in  the  floor.  Illustrations  appear  of  the  moulding  of  a  gas- 
engine  bedplate  in  this  manner,  and  the  construction  of  the  mould  is 
fully  explained. 

K.  II.  Palmer  H  describes  the  method  of  moulding  a  gas-engine  bed 
in  a  three-part  mould.  The  construction  and  arrangement  of  the 
mould  are  fully  gone  into. 

Defects  in  Iron  Castings.— D.  Brown**  describes  the  various 
defects  in  iron  castings  and  discusses  their  cause.  Blowholes  are  due 
to  damp  sand,  defective  cores,  improper  venting,  and  small  or  in- 
correctly placed  risers  or  gates.  Venting  is  only  too  often  left  en- 
tirely to  the  moulder's  judgment.     The  extraction  of  cores  through 

*  Inm  Trade  liiviar,  January  3,  1JK)1,  pp.  22-24. 
t  Cannier  s  MajazinCy  vol.  xix.  pp.  308-311. 
X  Iron  Age,  February  2S,  1001,  p.  14. 

§  American  yfachiniii^  vol.  xxiii.  pp.  1185-1186. 

i,  Ihxd.,  vol.  xxiii.  pp.  1102-1163. 

\  Jhki.,  vol.  xxiii.  pp.  1182-1183;  three  illustrations. 

*•  Tratisactioiis  of  the  Livtrpool  Enginciring  Societp,  vol.  xxi,  i>p.  61-77. 
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nail  openmgs  is  often  only  incompletely  done  or  tends  to  brcakag<i  < 
casting.  The  next  most  common  defect  is  due  to  the  presence  of 
dirt  or  iropmitieSj  especially  owing  to  the  washing  away  or  breakage  of 
part  of  the  mould.  B^idfy  fitting  cores,  insufficient  heat  in  the  metal, 
too  few  or  small  runners  and  risers,  and  shortage  of  metal  are  other 
causes  of  defects*  Feeding  of  the  metal  is  of  importance  to  prevent 
hollows.  Cracked  and  twisted  castings  are  due  to  many  causes,  amongst 
which  are  unsuitability  of  the  metal  and  bati  design,  allowing  undue 
cooling  strains.  lustifhcient  weighting  of  the  cope  ia  a  cause  of  otlier 
accidents  and  defects. 

F.  Wiist  *  discusses  faulty  castings  and  their  origin.  This  may  lie 
in  the  use  of  unsuitable  pig  iron  or  scrap,  while  two  important  parts 
are  played  in  casting  by  the  character  of  the  futil  and  limestones  used 
and  the  way  the  fusion  is  effected*  The  author,  liowever,  does  not 
further  consider  these,  but  assuming  that  the  fault  had  not  its  origin 
In  either  of  the  above  causes^  and  that  good  hot  metal  is  obtainable, 
proceeds  to  consider  the  further  possible  sources  of  error.  To  begin 
with,  the  molten  iron  runs  into  the  casting  Lidle,  This  should  always 
be  well  coated  with  a  mixture  of  one- third  part  clay  and  two- thirds  of 
"  lean"  sand,  these  components  being  further  mixed  with  about  double 
their  volume  of  horse-dung.  When  this  mass  has  dried  on  the  ladle, 
the  cracks  in  the  coating  are  to  be  carefully  hiled  in  and  the  whole 
*^  blackened.*'  Tlie  mixture  used  for  this  purpose  sliould  be  more  fire- 
resisting  than  that  employed  for  other  purposes,  an<l  should  consist  of 
one  part  by  volume  of  graphite  mixetl  with  one-half  part  of  dry  clay 
and  one*half  part  of  chamotte  or  ground  crucible.  Despite  the  fact 
that  the  first  coating  on  the  pan  is  in  this  way  covered  with  another 
that  is  infusible,  it  is  not  possible  to  avoid,  especial jj  in  the  case  of 
ladles  of  large  capacity,  the  ladle  coating  gradually  melting  away  and 
giving  up  slag- forming  constituents  to  the  iron.  In  many  works, 
therefore,  the  larger  ladles  are  lined  with  thin  firebricks,  a  method 
which  largely  diminishes  this  trouble.  Other  kinds  of  mixtures  for 
coating  ladles  are  referred  to.  Tlie  ladle  must  be  well  dried  before 
use«  When  the  iron  is  in  the  ladle^  care  must  be  taken  to  prevent 
it  from  cooling.  For  this  purpose  the  molten  metal  is  covered  with 
ground  coke,  sifted  charco.%1,  or  sawdust.  Alio wi[ig  the  metal  to  stand 
in  the  ladle  has  a  good  effect  on  its  character*  The  absorbed  gases  can 
escape^  the  manganeae  and  silicon  present  can  act  on  the  dissolved 
[ferrous  osdde  and  decompose  it,  forming  manganous  silicate  which 

StaM  Mid  Em^i,  vtjL  xx,  pp.  1041-1048  uml  I09!4-ll04  ;  42  ilUitrfttitiu*. 
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passes  into  the  slag,  and  the  dissolved  carbon  can  also  act  in  a  sinular 
manner,  carbon  monoxide  being  produced^  which  escapes  into  the  air 
and  burns.  The  manganese  present  also  has  time  to  assist  in  the 
elimination  of  any  sulphur  present  by  the  formation  of  manganese 
sulphide,  which  rises  to  the  surface  of  the  bath  of  metal,  and  then 
passes  into  the  slag.  The  hotter  the  metal,  the  more  perfect  are 
these  reactions.  Cold  metal  does  not  purify  itself  in  the  same  way,  as 
it  is  too  thick-fluid.  It  is  necessary  that  the  iron  shall  be  covered 
with  a  layer  of  some  material,  which  will  keep  off  the  oxygen  of  the 
air,  such  as  those  already  named,  and  covering  the  bath  of  metal  with 
charcoal,  coke,  (^c,  not  only  keeps  the  metal  hot  but  prevents  oxida- 
tion. Additions  are  frequently  made  to  the  metal  in  the  ladle  to 
eliminate  dissolved  gases  and  oxides.  These  can  be  divided  into  two 
general  types:  (1)  those  which  act  mechanically  and  (2)  those  which 
exert  a  chemical  action.  To  the  first  class  belong  such  additions  as 
lead,  zinc,  and  tin.  These  metals  are  added  to  the  bath  in  quantities 
amounting  to  from  ten  to  twenty  grammes  per  ton  of  iron.  They  boil 
away  at  the  temperature  of  the  bath  and  so  help  to  bring  gases  and 
impurities  to  the  surface.  Stirring  the  metal  before  pouring  has, 
however,  the  same  effect,  and  the  metals  mentioned  will  not  reduce 
dissolved  oxide.  To  the  second  group  belong  aluminium,  sodium,  and 
luagnesium.  Some  time  ago  '*  ferronatrium  "  was  put  on  the  market, 
but  of  late  nothing  has  been  heard  of  it,  and  the  use  of  magnesium 
is  rare.  On  the  other  hand,  the  addition  of  aluminium  is  more  general. 
It  is  added  either  as  the  pure  metal  or  as  ferro-aluminium,  and  in 
quantities  amounting  to  about  0*02  to  0*05  per  cent,  of  the  weight  of 
the  iron  to  which  it  is  added.  The  aluminium  is  added  in  various 
ways,  hut  the  addition  is  only  effective  if  it  is  submerged  below  the 
surface  of  the  iron  by  some  suitable  means.  Otherwise  a  considerable 
proportion  burns  away.  Aluminium  decomposes  dissolved  oxides  even 
when  the  metal  is  relatively  cold,  the  alumina  formed  passing  away 
into  the  slair.  r>y  the  deomposition  of  the  dissolved  ferrous  oxide  the 
iron  l)».comts  more  thin-tiuid  and  apparently  hotter.  It  can  readily  be 
shown  hy  calculation  that  this  cannot  he  due  to  the  combustion  of  the 
alur;:iniiini.  as  ti.c  quantity  of  this  which  is  added  is  far  too  small  to 
exert  any  intlueiice  by  its  cv^mbustion  on  the  large  quantity  of  iron 
to  whicli  it  is  a.lded. 

Wiun  t'li^  in-i'  is  about  to  be  poured  the  surface  is  scraped  clean, 
some  dry  ni«»i;MirLr  sani  boini:  thrown  on  the  clean  surface  of  the  metal. 
Tiiis  i>ro«iuci's  a  ihi!:-d:ii»i  cdiereiit  slag,  which  protects  the  iron  from 
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^ 
^ 


further  oiddafcion  during  the  castin^j  process,  while  it  is  prevented 
from  passing  forward  with  the  iron.  The  author  then  describes  the 
Poetter  divided  cftstiug  ladle.  The  further  stages  of  the  casting 
process  are  then  discusaed,  with  the  apphances  in  use  and  their 
numerous  modiEcatious  and  caattng  considered  generally.  A  large 
number  of  different  shapes  of  moulds  are  dealt  with. 

Large  Casting* — An  illustTation  is  given  of  a  large  casting  for  a 
desilvering  kettle.  Its  dimensions  are  9  hy  15^  feet  with  a  0-iQeh 
flange  and  it  is  4  feet  in  depth.  The  thickness  is  2  inches  and  the 
weight  is  21,100  lbs.* 

A  casting,  weighing  110,000  lbs.,  for  the  bedplate  of  a  blowing 
engine  was  made  at  Milwaukee,  Its  overfall  measurements  are  an 
inch  or  two  under  24  hy  10  by  5  feet;  126,000  lbs,  of  metal  were 
poured  in  the  course  of  its  construction,  f 

The  Manufacture  of  Cast  Iron  Pipe^-^A  series  of  articles  has 
appeared  J  on  the  manafacture  of  cast  iron  pipe  in  the  United  States. 
After  a  brief  historical  sketch,  the  present  conditions  of  the  trusts 
controlling  the  industry  are  considered.  The  Camden  Works  in  New 
Jersey  are  then  described.  Here  the  pipes  are  cast  in  12-foot  lengths 
in  cast  iron  flasks^  The  flasks  are  made  in  two  parts  hingetl  together, 
and  are  rammed  in  a  vertical  position  with  sand  and  clay  round  a 
pattern*  The  mould  is  dried  over  an  oven  to  which  it  acts  as  a 
chimney.  The  cores  are  made  on  perforated  steel  pipes  wrapped  with 
hayband  and  coated  with  clay  tempered  with  sand^  and  they  are 
dried  in  ovens.  Pipes  are  cast  in  a  vertical  position,  sometimes  with 
the  flanges  up  and  sometimea  down.  The  casting  is  removed  by 
opening  the  flask,  and  the  core  Is  easily  withdrawn  as  the  hay  baa 
been  burnt  Next  the  dimensions,  weights,  and  standard  sizes  of 
pipes  are  given.  The  fifth  article  deals  with  the  annular  pit  and  the 
longitudinal  pit  system  of  casting,  and  a  full  descriptisn  Is  given  of  the 
Anniston  plant,  which  has  Bix  annular  pits  in  which  pipes  2  to  7  feet 
in  diameter  are  made,  and  of  the  Whiting  Company's  plant  with 
longitudinal  or  rectangular  pits. 

Mending  CaatingBi — E.  B.  Oilmour§  describes   the   method  of 

•  Irm  Tradt  Revitto,  November  t,  1900,  p.  11. 

t  Ii<m  Age^  November  SW,  IHOO,  p.  22- 

t  Engineer,  vul.  ici.  nh  157,  232,  258.  268,  313,  3^*0* 

[t^l  i^the  American  Smwir^mai'»  Atsoiintwm,  voL  i^.  pp.  y8-fl!>. 
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burning  or  mending  castings  by  running  on  molten  iron.  Loam 
moulds  are  fitted  round  the  defective  part,  and  the  casting  with  the 
mould  attached  is  placed  on  a  car,  and  run  into  an  oven  where  it 
is  heated  up  to  about  600°  F.,  more  or  less.  When  ready,  enough 
iron  at  a  good  temperature  is  run  through  the  mould  to  melt  the  iron 
of  the  casting  for  about  an  inch  on  all  sides,  and  then  the  work  is 
returned  to  the  oven,  where  it  is  allowed  to  cool  slowly.  Many  cast- 
ings can  be  burned  at  a  much  lower  temperature,  or  even  without  the 
preliminary  heating.  In  mending  broken  rolls,  a  loam  mould  with  a 
hole  in  the  bottom  is  used,  and  the  iron  is  run  through  until  the 
surface  is  felt  to  be  well  melted.  Broken  castings  mended  in  this 
way  are  often  stronger  than  the  originals,  as  the  initial  strains  are 
relieved. 

Specifications  for  Foundry  Materials.— C.  Scott*  has  drawn 
up  a  series  of  specifications  which  are  used  by  a  firm  in  Wisconsin 
for  the  purchase  of  foundry  materials.  They  include  a  number  of 
general  directions  as  to  the  quality  desired,  and  the  methods  of  using 
the  various  materials  are  also  indicated.  For  coke  the  limits  are : — 
moisture  not  over  1*5  percent.;  volatile  matter  not  over  3*5;  fixed 
carbon  must  be  over  86 ;  sulphur  not  over  0*75 ;  ash  from  55  to 
11*5  per  cent.     Fomdry  irons  are  to  be  as  follows : — 


No.  1. 


No.  2. 


No.  3. 


Silicon  not  less  than 

2-50 

105 

r;c> 

Sulphur  not  exceeding 

0(>3 

004 

01».% 

!  l^hoKphorus  ,,       ,, 

• 

0-60 

070 

0-80 

1  Manganese    ,,       ,, 

. 

0  50 

0  70 

Oil  J 

1  Carbon  usually      . 

3  0  to  4-5 

2-9  to  4-2 

2  5  to  4-0 

Other  kinds  of  iron  are  : — 

Silicon 

Ferro- 

Maiiganes 

g      '     Malleable 
j     I>e«4senier 

l*'g- 

Sdieon. 

Pig. 

- 



Silicon    .... 

r>o  to  n-'j 

7  to  12  5 

not  under  2 

5    ,    0-7  to  210 

Sulphur  not  exo«*oiliiig  . 

0  04 

004 

0-04 

1         0  045 

l*ho.si)h«>ru.s  ,,        ,, 

nvi) 

! 

0  70 

015 

Manjiann.sr  not  under     . 

O-M) 

0-90 

'     0-3  to  1-2 

Carbon           ,,        ,, 

2r>o 

1           375 

*  Inm  Aye,  November  1,  1000,  pp.  10-13. 
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Charcoal   iron  £Lnd   pliosplioric  pig   iron  are  also   specified  as  To!* 
[lows :— 


I 


CbiirGoal  Iron* 

Pbonphorio  Pig. 

PliintplioriiH  ,,               .         *         .         * 
AlMiigii Utile    ,,              .        .        ,        , 
Ciirlmu        ,.,...  1 

0-3  to  2-75 
0'02.7 
0-26 
070 
2^5  to  4^5 

not  under  1'6<J 
iiol  ovpr  01>05 
in»t  tiiuier  ]  *0 

0*3t*i0  0 
not  unilisr  St* 

Moulding  sand  is  tested  for  iiueness  by  treating  it  on  a  series  of 
sieves  in  a  particular  way,  which  is  described  in  some  detail^  but  no 
analyses  are  specified,  though  exiimples  of  analyses  of  a  suitable  char- 
acter are  given  for  silica  or  fire  sand,  moulding  sand,  and  core  sand. 
Finally  the  kinds  of  scrap  desired  are  also  mentioned.     As  a  guide  to 

t      the  analj'sts^  the  methods  of  analysis  are  stated. 

^m     Borne  comments  on  the  requirements  of  the  J.  1,  Case  Threshing 

^'Machine  Company  of  Baciue,  Wisconsin,  have  beeo  published,*  It  is 
jiuinted  out  that  the.'^e  appear  rather  of  the  character  of  pious  wishus 
than  strictly  practicable  of  being  carried  into  effect. 

For  foundry  coke,  best  72-liour  coke  is  preferretl,  with  56  per  cent, 
of  pore  space  and  44  per  cent,  of  coke  materiah  The  foUovving  are 
averages  of  a  light  and  of  a  heavy   coke,  the  iiirat  of  which  gives 

—^quickly  an  intense  heat,  tim  latter  a  more  steady  uniform  heat, 

^  HeDning  t  shows  that^  with  a  suitable  and  utuform  quality  of  pig 
■  Iron  good  and  uniform  castings  will  result  if  the  practice  in  the  cupola 
is  kept  at  a  steady  level.  But  good  castings  cannot  be  made  if  the 
percentage  of  metallic  iron  in  the  pig  iron  charged  into  the  cupola  falls 
much  below  92,  as  then  the  castings  become  undesirable,  poroiis,  and 
weak.    When  the  percentage  is  below  89  the  castings  must  be  failures. 

*  SI^lH  und  J^iVew,  voL  xxl  pp.  41-42. 
t  ^Qurnat  q/  the  Amerkan  Foundri/men-»  ABtocmli^/tit  vol.  is.  pp.  121-124, 


1. 

11. 

Per  Cent. 

V«t  Cent 

Muint.it  re       .... 

.      03.1 

049 

Vm  hi  tile  nrntemh 

,      2  25 

1-31 

CiirlHiii         ,        ,        .        . 

.     *m"54 

87*411 

S  111  1 'bur       i        .        .        , 

,      O'GO 

0-72 

A*li      .        .        ,        ,         . 

,      6^2?* 

10-02 

T^mtptkcm  ,        .        .        * 

.    5294 

50 1H 

Cak«  mlwUiice   . 

,   ^jm 

4U'lNi 

S(»ecirio  gravity    . 

.   rvm 

IISJHI 

CalurJE^H        .         ♦        .         , 

.  13.540 

12,037 
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Analysis  in  Foundry  Work. — R.  Buchanan  *  urges  the  necessity 
of  chemical  analysis  in  foundry  work  and  materials,  and  gives  instances 
of  its  application  to  iron,  coke,  sand,  limestone,  and  slag.  Some 
marked  differences  between  buyer's  and  seller's  analyses  were  found  to 
occur,  and  in  other  cases  the  differences  between  different  qualities 
have  led  to  changes  and  corresponding  saving. 

T.  D.  West  t  shows  the  present  irregularities  that  obtain  in  grading 
pig  iron  by  analysis,  and  proposes  ten  grades,  in  which  the  silicon 
advances  0*25  and  sulphur  0*01  to  003  or  more  in  each  grade. 

G.  G.  Davis  I  gives  a  table  to  show  the  use  of  analyses  in  making 
up  foundry  mixtures. 

Saving  Iron  from  Cnpola  Slag.— C.  H.  Putnam  §  passes  the 
slag  from  the  cupola  through  a  tumbling  mill  with  the  staves  set 
rather  close  together.  Here  it  is  crushed,  and  the  powdered  slag  and 
the  finest  particles  of  iron  fall  out,  leaving  the  coarser  iron  in  the  mill. 
The  fine  refuse  which  was  formerly  thrown  away  is  now  passed 
through  a  magnetic  separator,  which  is  in  the  form  of  an  inclined 
rotating  cylinder  wound  with  a  coil  for  the  magnetising  current  The 
iron  remains  inside,  and  the  iron-free  slag  drops  out  at  the  lower  end. 
On  breaking  the  current,  which  is  done  at  intervals,  the  iron  is 
allowed  to  fall  out  also.  The  crushing  need  not  be  so  fine  in  the  first 
instance  if  the  separator  is  used,  thus  giving  a  further  economy.  The 
shot  iron  is  then  melted  in  the  cupola.  By  itself  it  gives  a  strongly 
mottled  pig,  but  it  can  be  used  mixed  with  other  pig  if  a  sufficient 
quantity  of  softener  is  added.  In  the  discussion,  it  generally  seemed 
to  be  considered  that  the  shot  recovered  was  not  of  great  value  in  the 
cupola,  and  that  it  di<i  not  melt  properly  or  give  a  good  yield,  besides 
having  a  hardening  effect. H  The  author  maintains  his  position,  and 
thinks  that  other  experimenters  may  have  lost  some  of  the  shot 
through  using  too  high  blast  pressure. 

American  Foundries. — C.  L.  Prince^  describes  the  foundry  and 
plant  of  the  General  Eiectric  Company,  with'the  aid  of  illustrations  of 
the  exterior  and  interior.  The  total  floor  space  is  about  131,000 
sqiiare  t\ot,  and  the  buildings  are  well  lighted  through  ribbed  and 

*  E  :;;i?."-nri 7.  vol.  Ixxi.  j'p.  5IVV-53S. 

T  J  •:r-*\:i!  •■/  t\f  Amtftcan  Fuun'irtfmtnt  Artoriation,  toL  ix.  pp.  125-130. 

*  Ili'i.,  vol.  ix.  p.  (>3.  §  Itii.,  to!,  ii.  pp.  101-104. 

Iron  Traic  BmUic,  Deceiubei  13  liKK).  pp.  18-19;  Deoember  20,  p.  15. 
^  Arrurican  Maiti/acturcv,  voL  Ixvii.  pp.  370-372. 
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nrired  glass  by  day,  and  by  electric  liglit  at  night  All  the  cranes  are 
driven  bj  electro-motors,  but  the  ramming  is  done  by  poeumatic 
rammers,  There  are  four  cupolas  with  an  hourly  capacity  of  over 
40  tons.  In  the  mediutn-sized  core  ovens  tlicre  are  no  doors,  but  the 
ends  of  the  trucks  are  made  to  lit  the  openings  of  the  ovens,  and 
the  trucks  are  moved  by  pneumatic  power*  The  whole  building  is 
warmed  and  ventilated  by  two  fans,  wiitch  drive  the  air  over  steam- 
heated  coils.  Sir  hundred  men  are  eui ployed,  for  whom  extensive 
washinij  arrangements  are  provided. 

A  plan  and  some  illustrations  are  giveu  *  of  the  new  foundry  at 
Haywood,  Illinois,  The  largest  building  is  60  by  150  feet,  with  a 
steel  truss  roof  supported  on  steel  posts,  and  having  a  lantern  roof. 
AH  the  cranes^  rammers^  and  lifts  are  worked  by  compressed  air. 

*  Imm  Agt^  NoTflisber  2*2,  1900,  pp,  16-18. 
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Puddling. — Lieut.-Colonel  L.  Cubillo  *  has  investigated  the  process 
of  puddling  with  the  view  of  determining  whether  the  ozjgen  used  in 
oxidising  the  impurities  comes  from  the  fettling  or  from  the  air,  and 
in  what  proportions.  For  this  purpose  careful  observations  were  made 
at  all  stages  of  a  heat,  and  analyses  are  given  of  the  iron  and  slag  at 
frequent  intervals.  Tiie  charge  consisted  of  484  lbs.  of  cold  pig  iron, 
and  the  furnace  was  coated  with  398  lbs.  of  ore.  407  lbs.  of  balls 
were  obtained,  and  398  lbs.  of  slag,  consisting  of  363  lbs.  of  tap 
cinder,  50  lbs.  of  hammer  slag,  and  3*3  lbs.  of  slag  from  the  rolls. 
After  charging,  the  iron  was  melted  in  25  minutes;  14  minutes 
later  the  puddler  commenced  work,  and  the  balls  commenced  to  form 
after  another  28  minutes,  the  first  ball  being  drawn  8  minutes  later, 
or  75  minutes  after  charging.  Analyses  of  the  pig  iron  and  of  the 
balls  showed  : — 

Si. 

riu  iion 


c. 

U-210 


Mn. 
0-540 
0-005 


0-015 


P. 
0-44 
0O15 


S. 
016 
0*008 


Analvsfs  of  tlie  ore  used  and  of  the  slai^s  were  as  follows  : — 


Kndii  Furiiact*         ll:iinn(er  Rolls 

(TapCiiuitM).    (^aInnle^^<lRJ;}.    (Roll  Slaj:). 


Ore. 


S:(). 

F,  ( )■ 

1  \ .« » . 

Al'u. 

CO 

M.«» 

s 


Ml  M 


1375 

.v.»:)4 

h\V2 

4  10 

1  -.-S 

(»(>t»l 

0  IN 

1  i<; 
:.Ni.; 

HVfKS 

813 

11  45 

5i;-r»7 

r,2-»; 

1500 

2314 

75  US 

1-74 

07«» 

2-Sl> 

4  •(•»:. 

21S 

1  -S5 

1  -ill 

1-J5 

0-56 

0-1 4S 

0-0H7 

0<ri7 

0-tH)4 

o-a52 

0-022 

2-m 

1-26 

1D3 

54  50 

64-70 

0  375 

0153 

I'aptT  iohJ  bt't'oic  tiiv  S<*iith  Staffonhhire  Iron  and  Steel  Institute. 
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The  loss,  weight  of  cinders,  and  ore  consumed  is  shown  below  : — 


! 

Percentage  of  Impurities. 

Total  Weight  in  Kilogrammes. 

C         .        .        ." 
Mn      .         .         . 

bi        .         .        . 
P         .        .         . 
S         .         .         . 

In  Pig  Iron 
Charged. 

2-85 
0-54 
2-72 
0-44 
0-16 

In  Balls. 

In  Pig  Iron 
Charged. 

In  Balls. 

0-444 
0009 
0-028 
0028 
0-015 

Oxidised 

in  the 
Operation. 

0-240 
0005 
0-015 
0015 
0-008 

6-270 
1-188 
6-984 
0-968 
0-352 

5-826 
1-179 
6-958 
0-940 
0-337 

14-762 

0  524 

14-240 

The  author,  with  these  data,  then  proceeds  to  calculate  the  weights 
of  oxygen  consumed  by  the  iron  and  its  impurities,  and  finds  that  of 
the  total  61*7^8  kilogrammes  no  less  than  57-94  are  derived  from  the 
coating  of  the  furnace,  and  this  leaves  only  3-788  to  be  supplied  by 
the  air.  It  is  therefore  considered  that  the  oxidation  of  extraneous 
matters  is  effected  by  the  change  of  ferric  oxide  to  magnetic  oxide. 

A  graphic  diagram  is  given  to  show  the  elimination  of  the  various 
impurities.  Practically  all  the  silicon,  manganese,  phosphorus,  and 
sulphur  are  gone  within  two  minutes  after  fusion,  and  the  remainder 
disappears  slowly.  The  carbon  at  that  point  has  slightly  increased, 
and  then  is  more  gradually  and  uniformly  oxidised,  though  the  rate 
increases  comparatively  towards  the  end. 

Illustrations  have  appeared  ♦  of  a  puddling  or  bushelling  furnace,  and 
of  a  heating  furnace  equipped  with  a  mechanical  stoker. 

In  the  discussion!  on  some  notes  on  boilers  by  R.  D.  Munro, 
reference  was  made  to  egg-ended  boilers  placed  on  heating  furnaces 
to  utilise  the  waste  heat. 

A.  af  Forselles  J  describes  an  oil-fired  reverberatory  furnace  de- 
signed by  H.  Krusell.  Oil  is  fed  into  the  top  of  the  combustion 
chamber  and  burnt  by  air  preheated  by  leading  it  under  the  furnace. 
A  jet  of  air  is  directed  on  to  the  bridge  to  obviate  coking  at  that  point. 

Manufacture  of  Best  Yorkshire  Iron.— F.  J.  R.  Sutcliffe§ 
directs  attention  to  a  paper  on  the  "  History,  Progress,  and  Description 

*  Iron  and  Coal  Trades  Rn^ew^  vol.  1x1.  pp.  1056-1056. 
+  Joutnalofthe  West  of  Scotfami  Iron  and  Steel  Institutet  vol.  viii.  p.  126. 
X  Teknuk  I'idskrift,  1900,  pp.  79-^2 ;  EngineeHng  and  Mining  Journal^  vol.  Ixxi. 
p.  435.    See  thii  volume,  p.  388. 
g  Bradfoid  Obttiver,  September  15,  1900. 
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of  the  Bowling  Ironworks,  by  Joseph  Wilcock,"  which  was  read  before 
the  Mechanical  Science  Section  of  the  British  Association  on  the  occa- 
sion of  their  visit  in  1873.  Some  of  the  facts  then  given  are  interesting 
now,  and  seem  to  bear  on  the  question^  which  has  so  often  been  the 
subject  of  discussion,  and  still  remains  undecided,  viz.,  which  of 
these  firms,  Low  Moor  or  Bowling,  first  made  the  brand  of  iron  known 
throughout  the  world  as  **best  Yorkshire,"  and  therefore  were  the 
first  to  commence  operations.  The  late  Mr.  Wilcock  in  the  prepara- 
tion of  his  paper  found  books  which  clearly  proved  that  the  first  blast- 
furnace at  the  Bowling  Ironworks  was  blown  in  in  1788,  while  at 
the  sister  works  at  Low  Moor  the  first  blast-furnace  was  not  blown 
in  until  August  1791,  or  about  three  years  later.  Cudworth,  in  his 
"History  of  Bolton  and  Bowling,"  describing  the  Bowling  Works, 
states  that  'Hhe  boiler  plates  for  the  steam  boiler  put  down  at  the 
commencement  of  the  Low  Moor  Works  were  made  at  the  Bowling 
Ironworks,"  which,  if  correct,  is  additional  evidence  that  the  late 
world-renowned  "  Bowling  iron  "  was  undoubtedly  the  first  brand  of 
iron  known  everywhere  as  "  best  Yorkshire." 

Wrought  Iron  Works.— The  Emlyn  Works  were  built  at  East 
Chicago  during  the  first  six  months  of  1900,  mostly  with  second-hand 
machinery.  Tlie  main  building  is  of  L-shape,  with  wings  350  and 
375  feet  long  and  120  and  132  feet  in  width  respectively.  Scrap  is 
received  in  the  first  part,  and  close  to  the  scrap  piles  are  placed  five 
double  puddling  furnaces  and  one  reheating  furnace  for  square  piles. 
All  these  have  250  horse-power  vertical  water-tube  boilers.  The 
puddle  train  has  three  sets  of  18-inch  rolls  driven  from  a  28  by  48-inch 
engine,  which  also  drives  a  coffee-mill  squeezer.  Four  reheating  fur- 
naces serve  the  two  sets  of  finishing  rolls,  and  also  have  vertical  boilers 
attached.  The  finishing  rolls  are  in  the  other  wing,  and  comprise  a 
Belgian  and  a  bar  train,  the  latter  having  a  high  speed  for  rolling  bar 
rounds.  Overhead  trolley  tracks  are  used  in  part  of  the  mill  for  trans- 
ferring the  material.* 

History  of  Iron. — Sir  Lowthian  Bell  t  shortly  reviews  the  histor}' 
of  iron,  and  refers  to  some  of  his  early  experiments  on  the  rate  at 
which  metalloids  are  removed  in  various  processes  of  refining  the 
metal,  and  also  to  the  height  of  blast-furnaces. 

♦  Tron  Age,  October  25,  1900,  pp.  4-6. 
t  Address  to  the  Institution  of  Junior  Engineers,  December  1900l 
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The  i^ear  IBOl  was  iu  no  way  remarkable  in  connection  with  the 
ron  trade,  and  very  little  h  recorded  as  to  its  poBitiori  at  that  date.* 

'lire  years  earlier,  in  1796,  there  were  121  blast-furnaces  at  work  in 
the  United  Kingdom,  104  being  situated  in  England  and  Wales  and 
seventeen  in  Scotland.  The  average  make  for  the  year  of  those  in 
the  former  group  was  1048  tons  each,  and  of  the  latter  946  tons,  or 
go  and  18  tons  per  week  respectively,  the  total  make  being  125,079 

ns.  In  1300  it  was  156,000  tons,  and  in  1806  it  had  increased  to 
258,206  to»s,  made  by  173  furnaces,  of  which  number  162  were 
worked  with  coke^  and  the  average  make  had  increased  to  1640  tons, 
or  nearly  30  tons  per  week.  Iti  tea  years,  therefore,  the  capacity  of 
the  blast-farnace  had  been  augmented  by  about  50  per  cent. ;  and  aa 
this  took  place  before  the  use  of  hot-blast,  which  was  not  introduced 
until  about  a  quarter  of  a  century  later,  the  augmentation  must  be 
mainly  attributed  to  the  increased  blowing  power  made  available  by 
the  improvemjiints  in  blowing-engines  and  their  substitution  for  bellows. 
The  great  Scotch  iron  industry  was  also  beginning  to  develop;  the 
Calder  Works,  with  six  blaaUfu maces,  had  been  started  in  1800,  at 
which  date  black  band  ironstone  was  discovered  by  David  Mushet, 
although  the  full  value  of  this  discovery  was  only  realised  iu  late 
years.  In  France  in  ISOl  the  make  of  pig  iron  from  530  furnaces 
blowing  was  140,000  tons,  of  which  only  a  single  one  waa  worked 
with  coke.  This  was  at  Le  Creusot,  where  it  had  been  introduced 
by  Wilkinson  shortly  before  the  outbreak  of  the  French  Kevolution, 
The  consumption  of  cast  iron  for  ordnance  purposes  in  the  United 
Kingdom  in  1801  was  28,250  tons,  or  nearly  one- fifth  of  the  entire  I 
make  of  the  year.  In  the  manufacture  of  malleable  iron  the  use  of 
the  puddling  furnace  had  beconie  pretty  general,  Corl's  patents  having 
runoutinl797  and  1798  res|>ectively-  The  largest  development  seems 
to  have  been  in  South  Wales,  where  tlie  Cyfarthfa  Works  took  a  promi- 
nent place,  producing  CO  or  70  tons  of  bar  iron  per  week.  This  was 
made  from  refined  metal  upon  a  silica  bed,  the  puddling  of  grey  iron 
apon  an  oxide  bottom  being  as  yet  unheard  of.  At  the  same  time^ 
charcoal  open  fires,  whether  for  finery  or  welding  use,  were  still  of  con* 
fiiderable  importance,  and  in  South  Wales,  especially  in  connection 
with  tin-plate  making,  they  lived  on  for  seventy  or  eighty  years  more, 
having  only  been  finally  killed  by  the  introduction  of  the  opendiearth 
process  as  a  method  of  producing  tin  bars« 

Steel-making  by  cementation  of  Swedish  iron  with  ciiarcoal  and 

*  ^nffinetr^  voL  soL  pp»  22-23* 
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tmiou  of  the  blister  steel  in  cruciblei  wae  carried  on  in  Slieffield  in 
much  the  same  manner  b&  at  present,  having  regard  to  tbe  diffemucr 
in  scale  of  the  operation ^^  the  process  bavi ug  }>een  substaotialljr  per- 
fected by  Huntaman.  The  state  of  the  steel  trade  In  this  cotintr^rii 
remarkably  well  described  and  iilaitrated  in  Broliag's  work.  Ht 
visited  Englarul  in  1797-99,  on  behalf  of  the  Swedish  Boanl  of  Inm- 
roasters,  with  a  view  of  introducing  the  mauufiicture  into  Sweden, 
and  his  drawings  of  the  works  proposed  are  remarkably  like  those  m 
use  at  tho  present  day. 

The  year  1800  was  noticeable  for  the  first  appearance  in  the  refiorcb 
of  the  Patent  Office  of  one  of  the  principal  names  in  connection  with 
the  iron  trade,  namely,  David  Miishet,  who,  on  Novemljer  IS,  ISOO, 
patented  a  method  of  making  cast  steel  by  melting  malleable  scrap 
wnth  chat  con Ij  coke,  plumbago,  coal,  and  other  carHanaceons  tnailen^ 
which  must  be  regarded  as  tlie  first  departure  from  the  metlio*l  of 
meltitjg  bliiater  steel  alone  with  a  siliceous  flux  as  practised  by  Hunts* 
man.  The  same  patent  describes  a  method  of  coking  in  ilue  o%*ens  by 
external  heat^  and  the  roasting  of  iron  ore  simultaneously  with  tbe 
coal  to  torrefy  them  for  the  blastfurnace,  an  idea  which  bas  lately 
been  revived  in  connection  with  the  utilisation  of  the  small  magntstie 
ore  of  the  Lapland  mines.  The  interesting  process  of  making  mall<^ 
able  castings  is  only  a  few  years  younger  than  the  date  under  re  view, 
it  having  been  patented  by  Samuel  Lucas,  May  30,  1 804* 

The  foundry  cupola  is  somewhat  older  than  the  century,  having 
been  patented  by  Wilkinson  in  1T94  Broling  gives  drawings  of 
several  patterns  in  use  in  his  time.  One  of  these  is  about  20  inchet 
square  and  5^  feet  high,  but  others  are  larger.  The  largest  is  about 
I2|  feet  high,  with  a  circular  lining  and  boshes  like  that  of  a  blast- 
furnace. Wilkinson's  original  proposition  was  to  use  these  for  ore 
smeltingj  and  among  the  designs  is  iiieluded  one  with  an  elongated 
hearth,  very  similar  in  form  to  that  of  the  Kachette  furnace  of  about 
half  a  century  later  in  date*  It  does  not  appear,  however,  that  they 
were  ever  used  in  this  way,  but  for  foundry  purposes  they  seem  to 
have  been  pretty  generally  employed  in  London  at  the  beginnbg  of 
tbe  century. 

A  number  of  portraits  of  difl'ereut  men  connected  with  the  iroa 
industry  during  the  present  century  have  appeared.* 

M.  Geitr4  t  gives  an  historical  account  of  tbe  trade-marks  of 

*  Itqh  and  Coal  TmdcM  Jievicw,  vuL  Uii  pp.  ISl,  ITS. 
t  CintitUUaU  der  IFakwerJfce,  Jauuary  IB,  IDOL 
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Gennan  iron  and  steel  industriea.     Facsimiles  are  given  of  a  number 

|0f  anciont  marks  still  more  or  less  in  use. 
I  The  progress  In  the  metallurgy  of  iron  and  steel  during  the  nineteentli 
eentury  is  traced  bj  Bennett  H.  Brougli,*  The  paper  is  illustrated  by 
portraits  of  Josiah  Marshal  Heathy  Sir  W.  Siemens,  S.  G,  Thomas,  the 
Duke  of  Devonshire,  tirat  President  of  the  Iron  and  Steel  Institute,  and 
Alfred  Krupp.  There  are  also  illustrations  of  Black  Country  blast- 
furnaces in  1850}  of  casting  open-hearth  steel  at  Krupp's  works^  and 
of  the  Bessemer  Gold  Medai» 

J.  M*  Swank  f  gives  some  details  of  the  early  iron  enterprises  in 
Cambria,  Somerset,  Westmoreland,  and  Indiana  counties,  Pennsyl- 
vania, The  Juniata  valley  and  tlie  Johnstown  district  are  especially 
dealt  witlif  and  considerable  attention  is  paid  to  the  question  of  trans- 
port in  the  es^rly  days.  The  gradtial  rise  of  the  cast  and  the  wrought 
iron  industries  and  their  manufactures  is  traced^  with  numerous 
referencea  to  the  firms  and  factories  attd  other  works  engaged  In  the 
production* 

E.  W.  Hassler  I  gives  a  short  account  of  tlie  smaller  iron  industries 
In  Pittsburg  during  the  last  century,  giving  the  credit  to  a  French 
gunsmith  in  1731  as  being  the  first  artificer  in  the  metaU 


•  Fei^den^i  Mftt^ztntt  vol.  W,  pp.  42-4S* 

t  Amerifmi  MnnufactHrri\  vol.  Imvii,  pp.  3.^2-334. 

t  Hid.,  vol.  IxvWi.  pp,  31*5,  35<j,  3»2. 
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Steel  Forcings. — According  to  H.  J.  F.  Porter,*  the  Bethlebem 
Iron  Company  can  make  castings  up  to  300  tons  for  forgings,  bat  the 
largest  at  present  made  is  125  tons.  The  steel  is  cast  from  ladles,  and 
is  compressed  in  the  fluid  state  by  a  7000-ton  press  to  ayoid  piping 
and  blowholes.  The  mould  is  made  50  per  cent,  larger  in  diameter 
than  the  finished  forging,  and  10  to  15  per  cent  longer  than  the 
finished  ing6t  to  allow  for  compression.  All  large  castings  are  now 
bored  out  in  the  centre  to  remove  the  effects  of  segregation. 

Steam-Hammer  FonndatioiUS.— In  connection  with  the  matter 
of  machinery  foundations  and  vibrations  resulting  from  their  in< 
sufficiency,  there  comes  to  mind  the  apt  remark  made  by  some  one 
concerning  a  certain  steam-hammer,  that  it  seemed  to  him  much  like  an 
earthquake  on  stilts.  Steam-hammer  foundations  have,  indeed,  proved 
difficult  things  to  deal  with  in  many  instances,  owing  to  the  particu- 
larly trying  conditions  involved  in  the  operation  of  such  a  piece  of 
apparatus.  In  erecting  the  125-ton  steam-hammer  of  the  Bethlehem 
Steel  Company  a  number  of  years  ago — 'the  largest  hammer  in  the 
world — a  foundation  about  60  feet  square  was  prepared,  and  piles 
were  closely  driven  over  the  whole  area.  The  piles  were  covered  over 
with  timber  34  inches  square,  and  on  top  of  these  were  put  steel 
beams  about  35  feet  long,  and  each  weighing  something  like  40  tons. 
On  top  of  these  there  was  more  cross-timbering,  and  then  the  anvil 
block  was  put  on,  weighing  about  1500  tons.  After  running  the 
hammer  for  a  short  time  the  foundation  went  down  8  or  10  inches, 
and,  unfortunately,  did  not  go  level,  which  made  matters  worse. 
John  Fritz,  under  whose  supervision  the  work  was  done,  said  that  be 
thereupon  took  out  everything  down  to  the  piles,  levelled  the  founda- 
tion up  again,  and  put  in  a  2-foot  thickness  of  wood  shavings.  A  lot 
of  men  were  put  on  to  tramp  that  down  to  about  16  or  18  inches; 

*  American  Manufacturer y  vol.  Ixviii.  p,  110. 
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the  heavy  timbers  were  then  placed  on  the  sliavings ;  next  came  the 
steel  beams,  placed  crosswise,  and  on  top  of  these  lO-iuch  square 
timbera.  After  these  came  about  15  cwt  of  cast  iron,  covered  with 
3-ioch  pUnk  and  12  inches  of  cork  On  top  of  the  cork  there  were 
again  10  inclies  of  timber,  and  then  finally  came  the  anvil  block.  The 
elastic  shavings  bed  was  intended  ta  absorb  the  heavy  blow  on  the 
fouudatton,  and  subsequent  experience  showed  that  it  admirably 
accompliahed  its  purpose.* 

Strippinff  Ingots, — Further  illustrations  are  given  t  of  the  ingot 
stripper  <ie vised  by  J.  Evans  and  used  at  Cy far th fa  and  at  the  Cleve- 
land Steelworks.  This  is  a  tbree-ram  hydraulic  machine  designed  for 
stripping  two  ingots  at  once,  the  mould  being  lifted  by  the  outside  rams 
against  the  third  ram,  which  is  held  stationary  while  the  pressure  is 
applied^  but  is  movable  otherwise  to  accommodate  various  lengths 
of  ingots* 

Ingot  Cranes. — Illuatratious  t  hare  appeared  of  an  overhead  travel- 
ling crane  for  liandling  ingots  between  or  in  the  pits  and  the  rolling- 
mills.  The  girder  is  of  the  usual  box  section,  and  the  trolley  which 
runs  upon  it  is  provided  with  a  turn- table  arrangement  on  which  is  the 
iioifiting  and  rotating  part  of  the  machine.  This  gives  great  flexibility 
of  movement.  The  hoisting  is  accomplished  by  two  drums,  and  a 
third  drum  serves  to  open  and  close  the  tongs. 

H.  Kiecbe§  considers  a  number  of  points  relating  to  travelling  crane 
plants*  In  all  twenty -seven  different  constrnctiuns  are  illustrated  and 
dealt  with*  These  include,  amongst  others,  safety  couplings  for  the 
I  prevention  of  overloading* 


I 


Oontinuous  Eolling  Mill  Plant  for  Hoop  Iron. — A  plan  and 
dest^ription  are  given  {j  of  the  Union  plant  at  Youngstown,  Ohio,  for 
the  continuous  rolling  of  boojjs  and  cotton  ties.  Billets  1|  and  If 
Liich,  ami  weighing  230  to  300  lbs.,  are  charged  and  withdrawn  by 
roller  feeds  at  opposite  sides  of  a  heating  furnace^  with  a  bed  30 
by  16  feet.     As  each  billet  is  introduced  it  pushes  the  others  laterally 

•  Oanier'a  Moffitzine,  vol.  xii,  pp*  410- 41 L 

t  Ir&n  find  Coat  Tr^dtM  JUiitw^  toL  111  pp.  1163-llfr4.  See  Journal  of  the  Irmi 
MTid  8UH  lfiiiUtti€,  moo,  Na.  I„  p.  372. 

X  Amfrimn  Manafaf^lHrer^  voU  hvii,  p,  311. 

§  Siahl  Hwi  Ki4rf^,  vol  txi,|.|j.79  1«1,  227-230.  285-291;  twenty-»eveo  mtiatrntious, 

tl  Ir&n  Afjt,  Novenibor  29,  190O,  pp.  8-9, 
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towards  the  discharging  side.  There  are  two  continuous  trains.  Tbe 
first  or  roughing  train  has  six  stands,  and  the  finishing  train  three 
stands,  all  being  driven  by  a  24  and  48  by  60  inch  componnd-con- 
densing  engine.  The  fifth  pair  of  rolls  is  driven  in  the  opposite 
direction  to  the  others,  so  that  the  work  takes  an  S-shaped  path.  A 
flying  steam-shear  and  a  special  form  of  pipe-guide  is  placed  between 
the  two  sets  of  rolls.  Tiie  finishing  rolls  are  driven  bj  beltings  and 
speeded  to  avoid  looping  between  the  rolls.  The  emerging  strip  is 
led  through  a  water  trough,  and  then  is  laid  by  a  vibrating  device  in 
a  serpentine  form  on  a  travelling  belt,  on  which  it  cools  and  assames 
the  proper  blue  colour.  Then  the  strip  is  coiled  on  automatic  reels, 
and  when  it  is  cool  enough  to  handle  it  is  uncoiled,  straightened,  cut 
into  lengths,  and  bundled. 

Wrought  Iron  Hill. — A  plan  is  given  of  the  new  bar  iron  plant 
erected  in  Cleveland,  with  six  bushelling  and  two  puddling  furnaces. 
There  is  a  48-inch  squeezer,  a  20-incli  muck  bar  mill  consisting  of  two 
three-high  trains  driven  by  a  28  by  48  inch  Corliss  engine,  a  12-incb 
breaking-down  mill,  and  a  10-inch  finishing  train  driven  by  a  26  by 
48  inch  engine.* 

Rolling  Mill  Engines. — An  illustration  and  plans  are  given  of  tlie 
All  is  reversing  mill  engine  built  for  a  works  in  Worcester  in  the  United 
States.  The  cylinders  are  at  right  angles,  one  being  vertical,  and  Corliss 
valve  gear  is  attached.! 

A  photographic  illustration  has  appeared  J  of  a  large  right  and  left 
hand  screw  to  be  used  for  setting  up  the  edging  rolls  of  a  plate  mill  in 
the  south  works  of  the  Illinois  Steel  Company.  It  is  23J  inches 
in  diameter,  11-inch  pitch,  double  threaded,  and  is  I7i  feet  long 
over  all. 

In  a  presidential  address  L.  D.  Thomas  §  deals  with  the  progress  of 
the  iron  and  steel  industries,  and  advocates  rope-driving  and  quicker 
speeds  in  mills. 

E.  Widekind  ||  describes  two  rolling-mill  plants  at  Vandergrift, 
Pennsylvania.  The  descriptions  are  accompanied  by  illustrations  of 
one  of  the  plants. 

*   Tron  Tradr  nrrinr,  Junujiry  31,  1900,  pp.  8-19. 

t  Tr.m  Af/f,  Noveinher  2i>,  1900,  pp.  1-3. 

X  Amrric'in  Marhinii^t^  vol.  xxiii.  p.  991. 

^  S>nth  Staffonhhirt  Ir^n  ai\d  Strd  Institute^  October  27,  1900. 

i|  Stahl  Hud  Ei^cn,  vol.  xx.  pp.  1048-1050 ;  two  Ulostrations. 
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Plate  MUL — A.  general  plan  of  the  4 8 -inch  UDiversal  plate  mill  at 
tlie  Homestead  Works  Is  given,*  together  with  photographs  of  the 
mill,  the  heatin«^^  furnace  with  its  charging  and  drawing  machine,  the 
shear  department  with  inverted  castor  arrangements  for  moving  the 
plate,  and  of  the  hot  beds*  The  plates  are  rolled  from  slab  ingots, 
and  range  from  20  to  48  inclies  wide,  j\  to  2  inches  in  thickness,  and 
np  to  150  feet  in  length.  The  largest  output  in  twenty-four  hours  has 
been  576  tons,  Tiiere  are  six  heating  furnaces  in  two  rows,  between 
which  are  the  charging  and  drawing  machines.  The  furnaces  are  regene- 
rittive  with  hearths  8 J  by  36  J  feet,  and  have  four  6'foot  doors  eachp 
The  horizontal  rolls  in  the  mill  are  30  inches  in  diaraeter,  and  the 
vertical  rolls  17^  inches*  They  are  driven  by  a  50  bj  60  inch  reversing 
engine,  direct  connected,  and  are  commanded  by  a  50-ton  crane  of  TO 
feet  span.  There  are  two  hot  beds,  one  on  each  side  of  a  line  of  live 
rollers,  and  the  plates  are  moved  along  the  beds  by  endless  chains* 
[Vertical  water-tube  boilers  with  mechanical  stokers  are  nsed  for  raising 
iteam. 

A  description  of  new  rolling  mills  at  the  Homeatead  Steelworks  of 
the  Carnegie  Company  also  appears  elsewhere,  t 
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Boiling  Eails,— E.  W<  Hunt  I  returns  to  the  subject  of  the  tempera- 
ture for  finishing  the  rolling  of  rails*  At  the  Edgar-Thomson  mill 
the  heat  of  the  rails  when  placed  on  the  cooling  table  was  1702"  F.  on 
the  average,  and  on  leaving  the  rolls  it  was  1580"  F.  At  the  M'Kenna 
re-rolling  mill  at  Joliet,  the  rails  were  drawn  from  the  reheating  furnace 
at  ITSO"*  F,  and  finished  at  1480'  F.  Reference  is  made  to  the  method 
of  equalising  the  temperature  by  placing  the  rails  head  to  flange  on  the 
cooling  table,  and  it  is  suggested  that  the  heavier  standard  sections  of 
the  American  Society  of  Civil  Engineers  may  be  modified  in  view  of 
this  practice, 

The  chemistry  and  heat  treatment  of  rails  are  also  discussed  by 
W.  R.  Webster.  § 

At  the  Edgar -Thomson  Steelworks  experiments  are  being  made 
with  a  rail-rolling  process.  The  reheated  blooms  are  roughed  down 
in  ^VB  passes^  and  then  receive  five  passes  ou  a  second  or  intermediate 
train.     Then  they  are  removed  for  a  short  time  to  a  cooling  bed,  where 

*  Iron  Age,  December  27-  lUtX),  pp.  1-1 
t  Stiihl  uiid  Eiutif  vaL  xxi.  |>p.  123-135  ;  one  itiuatmtion, 
t  Tranmctiont  &f  thi  Americmi  If%tiUut€  of  Mining  Mngineertf  Blchmaad  Me«tbif, 
Febmary  IWl. 
g  Ibifl 
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the  J  are  laid  on  their  sfdea,  ^  that  the  bead  of  one  rail  U  kept  dootl 
up  a^iimat  the  flange  of  the  rail  ia  front  of  it  with  a  view  of  equalls^ing 
the  temi>erature^     From  the  bed  they  are  drawn  oflT  io  successioo  and  ^ 
passed  through  the  finiBhing  mill  at  a  lower  but  a  more  even  temperatuin  ■ 
than  usual.*     A  plan,  side  view,  and  section  of  the  cooling  bed  or*  ~ 
given  to  show  the  arrangemetiti  for  moving  the  rails,  so  that  only 
one  ii  takeu  off  at  a  time.     Microphotographa  of  the  rail  are  idso 
appended* 

A.  W.  Heinle  t  discutsea  the  advantages  of  the  method  of  eqml- 
ising  the  temper&tnre  in  the  head  and  flange  of  the  rail  bj  laying  them  in 
contact  for  some  time  during  the  rolling.  In  this  way  the  excessive 
curvature  is  avoided,  and  rolling  ia  finished  at  a  more  even  temperatun*, 

P,  Egermann  %  discusses  some  American  modifications  of  the  rail 
tolling    process.      The    first    considered    is    the    Kennedy  -  Morrison 
method. g    Before  descrihiog  this  the  author  points  out  that  de^pit« 
the  attention  given   in  recent  years   toward  attainiDg  clitmically  a 
correct  composition  for  the  rail,  the  results  have  not  been   wholly 
satisfactory  in  practice.     There  can  therefore  he  no  doubt  that  a  large 
part  of  the  difficulties  experienced  is  more  due  to  the  physical  condi- 
tion of  the  rail  tlian  to  its  chemical  composition.     Tlie  larger  rail  sixes  m 
now  employed,  and  the  great  accumulation  of  metal  in  the  rail-he^d^  B 
oauie  the  metal  in  this  to  remain  much  hotter  after  being  rolled  ttmti 
was  the  case  with  the  relatively  small-headed  rail  of  former  years,  pro- 
ducedi  too,  in  slower  working  mills.     To  improve  the  quality  of  the  j 
rail  it  is  scarcely  to  be  doubted  that  the  raildiead  should  be  rolled  at  a  I 
lower  temperature  than  that  now  customary.     This  is  what  ia  attained  I 
in  the  Kennedy- Morrison  method.     The  claims  made  for  this  particular  I 
process  are,  however,  somewhat  disputed  by  the  author. 

The  McKenna  process  for  re-roliing  old  rails  is  subaeqaently  dealt  - 
with  by  the  author*  ■ 

A  plan  of  the  Joliet  mill  in  IlHnoifl,  for  re-rolling  steel  rails  by  the 
McKenna  process,  has 'appearetljj  together  with  illustrationi  of  tlie 
rail-grinding  machine,  the  charging  machine,  and  the  drawitig  devica  m 
for  the  heating  furnace,  the  rail  transfer  table,  the  cambering  rolls,  and 
the  straightening  department. 

•  Irmv  Trade  Hcvkw,  Deoeml^er  30,  1600,  pp.  10^12;   Jnoaary  24,  ItlOl,  p. 
Smfiwrrii^  Ifrwfi  voL  %Uv,  p.  4.^7. 
t  Ama'ktLn  MfiTiufmHuirr^  vol.  Ixviji.  p,  OB. 

X  &tahi  tind  Eisen^  vol  Jix'i,  pp.  220-^4t  20^300;  lixtooii  iUllatr»tiaiia,» 
§  Iron  Apr,  December  20,  llHK).  pp,  16-18* 
II  /6»d,  Januiry  17.  1901,  pp.  S-IL 
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RolliBjr  Thin  Sheets. — A  method  of  hot-rolling  metals  of  difiTerent 

kinds  down  to  very  thin  sheets,  known  fts  the  AUis-Andrew  process, 
has  been  perfected  in  Bridgeport,  Connecticut,  A  number  of  strips 
are  coated  with  a  composition  to  prevent  them  from  sticking,  and  are 
riveted  together  at  the  leading  end.  They  are  very  carefnlly  and 
aniformly  heated  in  a  gas-fired  furnace,  and  are  rolled  in  a  two^iigh 
8-rnch  mill.  The  majority  of  the  experiments  have  been  made  with 
4' foot  strips  j\  inch  thick  and  10  iTichee  wide.  After  the  first  pass  the 
steel  has  b^en  reduced  to  an  average  j^l-^  inch  thick,  the  elongation 
being  from  4  feet  to  7*95  feet,  Tfie  second  pass  has  carried  the  thick- 
ness down  to  an  average  of  y^^j  inch,  the  elongation  being  to  13*80  feet, 
while  the  stock  after  the  third  pass  had  been  reduced  to  an  average  of 
xH^  inch,  and  the  elongation  brought  to  18-76  feet,  the  spread  from 
first  to  last  being  J  inch,  so  that  the  stock  would  trim  close  to  the 
original  lOdnch  width,* 


Rollilig  Till*Plate. — In  a  discussion  on  the  size  of  tin-plato  rolls, 
it  is  pointed  out  that  the  preferred  diameter  in  the  United  States  is 
26  inches,  and  that  in  Welsh  practice  it  does  not  exceed  16  to  18 
Inches  as  a  rule,  The  wearing  surface  is  also  larger,  and  tho  radiating 
power  of  the  roll  has  increased  directly  as  the  diameter ;  the  heat-losing 
tendency  of  the  roll  has  increased  as  the  square  root  of  the  increase 
in  roll  diameter,  with  tha  same  speed  of  the  pack,  and  the  sp«ed  of 
the  pack  may  be  increased  as  the  square  root  of  the  increase  in 
diameter,  thus  reducing  the  heat^losing  action  of  the  pack  by  the  same 
amount  that  it  was  increased.  It.  would  follow  that  the  speed  of  the 
large  rolls  could  be  increased  eulEciently  so  that  tlie  pack  would  lose 
no  more  heat  to  them  each  paas  than  to  the  small  rolls,  and  there 
won  Id  be  left  as  a  net  advantage  the  direct  increase  in  heat-radiating 
power  of  the  larger  roll,  permitting  a  proportionate  increase  in  the 
number  of  passes  per  hour,  There  would  also  be  this  advantage,  that 
the  pack  travelling  at  a  greater  lineal  speed  would  consume  less  time 

■  for  the  entire  pass,  and  would  thus,  daring  the  pass,  lose  less  heat  to 
the  air*  Against  this  is  the  disadvantage  that  the  larger  the  roll  the 
greater  the  diJiiculty  and  the  more  time  employed  by  the  catcher  in 
returning  the  pack  to  the  roller  over  the  top  roll  In  increasing  the 
roll  diameter,  the  point  would  soon  be  reached  where  it  would  make 
the  work  very  hard  indeed  for  the  catcher.  The  flow  of  the  metal  is 
impeded  by  the  larger  diameter,  but  to  an  unknown  amount,  while  the 

^ft      *  Iron  Afjf^  Noveiubflr  1,  1 900.  p.  25 ;  Iron  and  Coal  Ttadu  Rivicm,  toL  UL  p.  990, 
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action  of  small  rolls  is  more  akin  to  that  of  the  dies  in  wire-drawiug, 
so  that  there  is  some  point  where  further  increase  is  undesirable.  The 
large  roll  requires  more  time  to  heat  up,  but  it  maintains  a  more  e?eD 
temperature.  It  requires  more  power  to  drive.  Breakage  is  mainly 
due  to  internal  strains  due  to  heat  variations  and  to  imperfections  in 
the  castings  themselves.  Whether  the  latter  can  be  overcome  in  very 
large  rolls  is  uncertain.* 

Wire-Rod  Rolling. — According  to  W.  Garrett,!  one  wire-rod  mill 
at  Joliet  made  an  average  of  201  tons  of  No.  5  rod  during  forty- 
eight  turns  in  December  1900,  and  next  month  the  Rankin  mill 
averaged  204*6  tons  during  fifty  single  turns  of  eleven  hours  each, 
or  10,230  tons  in  all,  this  making  the  record.  It  may  be  remarked 
that  204  tons  of  No.  5  rod  measures  750  miles  in  length.  The  reduc- 
tion of  wages  paid  per  ton  to  the  rollers  is  discussed.  The  same 
author  also  I  discusses  the  4-inch  billet,  which  has  so  many  advan- 
tages, and  has  replaced  all  other  sizes  in  the  United  States  for  wire-rod 
rolling.  At  the  same  time,  he  confesses  himself  to  be  much  impressed 
by  the  use  of  5,  6,  or  even  7  inch  blooms  rolled  direct  into  rod  by 
certain  Grerman  makers.  The  use  of  the  4-inch  billet  is  advocated 
instead  of  the  smaller  sizes  used  in  England. 

Rolling  Seamless  Pipe. — Illustrations  are  given  §  of  the  Bartlett- 
Kent  rolliug-mill  for  seamless  pipe  from  12  to  30  inches  in  diameter 
and  ^  to  1^  inches  in  thickness  from  hollow  ingots  on  a  mandrel. 
This  mandrel  carries  three  convex  rollers,  and  three  concave  rollers 
parallel  with  the  former  bear  on  the  external  surface  of  the  pipe.  The 
latter  rolls  are  driven,  and  are  arranged  to  be  fed  inwardly  on  radial 
lines  as  the  metal  extends. 

Works  Locomotives. — M.  BUttner,  |1  in  referring  to  the  application 
of  electricity  as  a  source  of  power,  considers  it  as  a  motive  agent,  and 
describes  various  types  of  works  locomotives  driven  by  the  aid  of 

accumulators. 

*  Tin  and  Tcrtic,  November  1,  1000,  p.  5. 

t  Aiiurictn  Manufacturer^  vol.  Ixviii.  pp.  225-226. 

X  Jf>id.,  pp.  .i^^S-.^or).     See  the  author'a  pajxir  in  thia  volume. 

§  Inn,  A'jc,  April  25,  1901,  pp.  (5  9. 

:   Staid  und  Eiscn,  vol.  xx.  pp.  1108-11 IG;  nine  illuatratioDs. 
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I.— THE  GARBURISATION  OF  MALLEABLE  IRON. 

The  Direct  Production  of  Steel.— C.  Otto  ♦  observes  that  a  com- 
parison between  the  work  done  at  a  blast-furnace  at  Pueblo  with 
another  at  Leadville,  5000  feet  higher  up,  showed  that  the  latter  con< 
sumed  considerably  more  coke  than  did  the  former  furnace.  At  first 
the  cause  of  this  was  not  generally  recognised,  and  the  fact  led  to 
much  discussion.  The  diminished  air-pressure,  however,  leading  to  a 
lower  degree  of  intensity  in  the  reduction  process,  must  be  held  to  be 
the  cause.  If  1'428  kilogramme  of  finely  divided  iron  oxide  is  mixed 
with  0*321  kilogramme  of  pure  carbon,  and  heated  in  a  covered 
crucible  in  a  wind  furnace,  one  kilogramme  of  malleable  iron  should 
result  with  a  relatively  small  consumption  of  fuel.  Theoretically, 
1770  calories  are  required  for  this,  of  which  794  are  obtained  from  the 
combination  of  the  carbon  added  with  the  oxygen  of  the  ore,  the 
outer  firing  being,  therefore,  ojily  called  upon  to  yield  an  additional 
976  calories.  If  the  carbon  monoxide  escaping  from  the  crucible 
could  be  burnt  satisfactorily  to  carbon  dioxide,  1800  additional  calories 
would  result,  a  quantity  not  only  enough  to  provide  the  external  heat 
required,  but  to  leave  a  considerable  excess  unutilised.  There  seems 
but  little  to  stand  in  the  way  of  a  rapid  process  of  reduction  being 
capable^f  development  in  this  way.  Practice  and  theory  do  not  agree 
in  this  case,  however.     If  a  good  external  heat  is  maintained,  the 

•  Ckcmiker  Zeitung^  vol.  xxiv.  p.  1033 ;   OesterreichUohe  ZtUnokrift  fUr  Berg-  und 
HilUenwuent  voL  xliz.  pp.  61-64. 
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reduction  proceeds  at  first  rapidly,  a  chemically  pare  iron  sponge 
resulting.  Soon,  however,  the  reaction  begins  to  slacken,  and  comes 
gradually  to  an  end,  before  the  whole  of  the  ore  has  been  reduced  to 
the  metallic  form.  It  usually  takes  six  hours  before  this  method  can 
be  completed.  An  unsatisfactory  yield,  long  duration  of  the  reduction 
process,  and  large  consumption  of  fuel  consequently  lead  to  the  process 
being  a  disadvantageous  one,  although  very  many  attempts  have  been 
made  to  improve  it  and  to  make  it  a  practical  process.  The  author 
refers  to  the  Siemens  rotating  furnace,  pointing  out  that  if  he  was 
unable  to  make  his  experiments  successful,  even  though  using  an 
excellent  system  of  gas-firing,  it  must  be  generally  recognised  that  the 
method  is  not  a  practicable  one.  What  was  gained  in  one  direction 
was  lost  in  another.  By  raising  the  temperature  the  action  of  the 
carbon  monoxide  was,  it  is  true,  so  increased  as  to  enable  it  to  exert 
a  stronger  action  on  the  oxygen  of  the  ore.  On  the  other  hand,  it 
went  beyond  tliis,  the  increased  temperature  resulting  in  a  d^;ree  of 
expansion  being  reached  at  which  the  gas  is  unable  to  act  on  the 
oxygen  of  the  ore.  Under  these  circumstances,  the  proposal  to  keep 
the  volume  of  the  carbon  monoxide  a  constant  one  seems  sensible. 
This  means  increasing  the  pressure.  Calculating  from  the  heat  of 
cumbustion  of  iron,  which  is  now  placed  at  1352  calories,  and  the 

specific  heat  of  iron  oxide,  one  obtains  tttoq^o^"^^^**  "^^^  **°^" 
perature  must  be  reached  during  the  reduction  if  this  is  to  take  place 
in  the  same  time  as  was  expended  in  the  oxidation.  If  more  time  is 
allowed,  then  a  proportionately  lower  temperature  is  needed  at  first, 
but  the  complete  reduction  is  scarcely  possible  if  the  high  tem|)erature 
that  results  at  the  oxidation  is  not  attained.  Strong  external  heating 
is  therefore  necessary.  The  author  deals  further  with  this  subject 
from  a  theoretical  standpoint.  He  then  proceeds  to  point  out  that  by 
the  use  of  pressure  the  carbon  monoxide  reducing  agent  may  be  caused 
to  yield  higher  temperatures.  Doubling  the  pressure  means  doubUng 
the  rapidity  of  the  reduction.  Thus,  if  at  atmospheric  pressure  six 
hours  are  needed  for  the  complete  reduction  of  the  ore,  this  can  he 
reduced  to  three  hours  by  using  a  pressure  of  two  atmospheres — pro- 
vided, that  is,  that  the  surface  of  the  ore  exposed  to  the  action  of  the 
gas  is  adequate  :  this  can  be  attained  by  using  finely  divided  ore.  The 
external  firing  should  also  be  effected  at  a  similarly  increased  pressure. 
The  author  refers  to  some  earlier  experiments  of  Bessemer  and  others 
in  this  direction. 
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Direct  Production  of  Steel  in  India— C  Rittervon  ScUwiirz* 
observes  ihatf  the  matiufactitre  of  irou  and  Bteel  was  undou1ite4ly 
known  to  the  inliabitatits  of  Hiiidostan  before  it  was  to  those  of  Europe* 
In  the  burial-places  of  Wurri  Gaon^  m  the  Central  Provinces,  the  date 
of  which  reaches  back  to  600  B.C.,  fragments  of  cast  steel  weapons  have 
been  fomid  in  the  coffins.  In  the  Rigveda,  which  was  written  some 
3000  veara  ago,  it  was  stateil  that  the  god  Indra  used  iron  for  his 
wea|Mjns  and  Jirinour*  Slag  heaps  and  oltl  nune  workings  are  found 
all  over  India  wherever  iron  ore  exists,  and  afTord  testimony  that  the 
manufacture  of  iron  and  steel  was  carried  on  on  a  considerable  scate^ 
although  at  most  of  these  places  it  has  at  present  quite  died  out,  as 
well  as  even  the  tradition  that  iron  was  ever  made  there*  It  has  been 
proved  tliat  the  "  Wootz  "  steel  was  exjmrted  from  India  to  Western 
countries  2000  years  ago,  and  that  all  attempts  to  produce  this  excel-  J 
lent  steel  elsewhere  have  been  failures^  Hyderabad  and  Blysorc  were 
t!ie  chief  steel-producing  <li^tricts.  In  addition  steel  was,  and  is  iu  part 
still  made^  at  a  number  of  places  which  the  author  names.  The  metal 
for  the  famous  Damascus  weapons  of  the  Middle  Ages  was  not  made  at 
Damascus,  but  at  Kuna  Samundrum,  near  Xirmal,  now  an  unimportant 
place  iu  Hyderabad.  Hence  Persian  merchants  took  it  on  mules 
through  Central  Iridia,  the  Punjab,  Afghanistan ^  and  Persia,  to  Damas- 
cus. In  an  old  Indian  manuscript,  the  "  Aini-i-Akbari,"  the  method 
of  manufacture  is  described.  Fine  grains  of  magnetite  were  separated 
from  tlie  schist  iu  which  they  occurred,  by  crushing  and  washing.  If 
the  rock  was  too  hard  it  was  lirst  calcined.  This  preliminary  treat- 
ment took  place  at  Dimdurti,  not  far  from  Konda[>our,  where  the  Iron 
ore  deposits  were.  The  otlier  **  brown  "  ore — brown  hjEtnatite — came 
from  Mirtapellij  near  Nirmal,  to  the  south  of  the  Godavari.  The  smelt- 
ing-furnacea  were  at  Kona  Samuudrum,  also  near  Nirmal  Three  i 
parts  of  grey  ore — magnetite  sand — and  two  parts  of  the  brown  ore 
were  mixed  with  charcoal  and  placed  in  a  crucible,  on  the  bottom  of 
which  a  piece  of  glass  slag  had  been  placed  as  flnx.  The  cruciblea 
were  of  fireclay  kneaded  with  oil,  cow -hairs,  and  rice  husks.  They 
were  theu  carefully  dried  and  burnt*  The  mixture  of  ore  and  charcoal 
powder  was  only  allowed  to  about  half  fill  the  crucible,  to  avoid  losses* 
On  the  top  of  this  were  placed  a  few  leaves  of  convolvulus  laurjflora  or 
calotropis  gigantea.  Then  the  crucible  was  covered  with  a  well-fitting 
conical  fireclay  cover.  This  cover  had  in  the  middle  a  small  round 
opening  that  could  be  closed  with  a  fireclay  plug*     This  served  the 

•  m<tM  wd  Eiioif  vol  x£i  pp.  209-311,  277-2B3,  337-^11,  391-d^i  with  illDtinbiioiu, 
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workman  as  a  means  of  ascertaining  how  things  were  progressing 
inside  the  crucible.  This  latter  was  then  placed  in  a  round  furnace, 
surrounded  with  charcoal,  and  then  blowing  was  kept  up  for  tweDtj- 
f our  hours  by  means  of  four  double-bellows,  at  first  slowly  and  carefully, 
and  finally,  when  the  contents  of  the  crucible  had  began  to  melt, 
the  blowing  was  effected  rapidly.  As  soon  as  the  fusion  began  the 
worker  in  charge  kept  a  careful  control  over  the  process  to  prevent 
the  steel  from  being  heated  longer  than  was  absolutely  necessary.  For 
this  purpose  he  inserted  at  intervals  a  small  iron  rod  through  the 
hole  in  the  crucible  cover  and  stirred  the  mass  together.  As  soon 
as  the  correct  stage  had  been  reached  the  blowing  stopped,  and  the 
crucible  allowed  to  cool  down  in  the  furnace  as  slowly  as  possible. 
The  crucible  was  then  broken,  and  the  regulus  of  metal  it  contained 
collected.  This  was  freed  from  slag  and  clay  particles,  and  the  metal 
being  extremely  hard  was  submitted  to  a  tempering  process.  For  this 
purpose  it  was  stirred  into  a  mixture  of  powdered  brown  iron  ore  and 
water,  dried,  and  slowly  heated.  This  tempering  process  was  repeated 
until  the  right  degree  of  hardness  or  decarburisation  had  been  reached. 
This  was  verified  by  the  worker  by  hammer  and  chisel  in  the  presence 
of  the  purchaser,  who  watched  the  whole  process  from  beginning  to 
end.  The  Persian  merchants  often  attempted  to  repeat  the  manufac- 
ture of  steel  of  this  quality  in  Persia^  knowing  thoroughly  as  they  did 
the  method  employed.  They  were,  however,  always  unsuccessful,  and 
even  nowadays,  too,  no  one  else  can  make  it.  The  old  workers  adopted 
the  very  best  means  to  ensure  a  perfect  steel.  Their  art,  therefore, 
had  reached  a  condition  of  perfection  2000  years  ago. 

The  ores  used  were  quite  free  from  phosphorus  and  sulphur,  and 
only  contained  extremely  minute  quantities  of  copper.  The  occurrence 
of  cold  or  red  shortness  as  a  consequence  of  faulty  chemical  composi- 
tion was  therefore  eliminated.  The  price  which  the  Persian  merchants 
paid  for  this  metal  was  about  9d.  for  each  regulus.  This  latter  weighed 
about  H  lb. 

The  steel  made  in  Mysore  was  also  of  excellent  quality  though  less 
renowned.  Here  the  method  in  use  differed  slightly  from  that  just 
described,  the  crucibles,  too,  being  much  smaller. 

A  kind  of  cement  steel  was  made  at  Bundelkund  in  Central  India, 
in  a  manner  which  tlie  author  describes. 

The  method  still  practised  by  the  natives  in  the  more  out-of-the-way 
parts  of  India  is  always  the  direct  reduction  of  iron  from  its  ores  on  a 
scale  80  extremely  small  that  it  is  sometimes  almost  laughably  so.     The 
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quality  of  tha  metal  produced  is  extremely  guoii,  but  the  expenditure 
of  labour  aud  materials  is  enormous  when  compared  with  the  results 
attaiued,  and  the  proceaB  generally  a  most  irrational  one.  The  author 
describe£i^  with  the  aid  of  a  series  of  illustrations,  such  a  native  iron- 
works of  Central  India,  The  method  itself  is  that  of  the  old  StUck- 
ofen  on  a  small  scale.  Five  men  produce  daily  about  200  lbs.  of 
"  iron,"  which  h  further  treated  in  a  primitive  form  of  imitli's  firep 
and  is  subsequently  worked  up  into  hoes,  shovels,  &c.,  the  finished 
products  weighing  little  more  than  about  one-half  that  of  the 
"iron"  rtjsulting  from  the  first  reduction  of  the  ore.  This  further 
treatment  necessitates  the  employment  of  six  men  and  four  boys. 
Between  them  the  eleven  men  and  four  boys  earn  considerably  less 
than  five  shillings  a  day.  The  total  consumption  of  charcoal  is  between 
nine  and  ton  times  the  weight  of  the  finished  articles.  Owing  to  the 
low  rate  of  wages  and  to  the  nature  of  the  plant  useil^  the  price  at 
which  the  iron  is  sold  is  very  low%  and  the  native  metal  is  as  cheap  and 
fully  as  good  as  the  Swedish,  Lownioor^  and  other  irons  with  which  it 
lias  to  compete  in  the  native  markets. 

The  author  next  gives  illustrations  showing  the  interior  of  native 
ironworks  in  Western  Bengal  and  Orissa,  Bellows  u^orked  by  the 
feet  are  used.  These  are  worked  in  pairs,  a  man  stantHng  in  front  on 
them  and  a  woman  behind  clasping  him  round  the  waist.  The  man 
uses  his  naked  ft^et  as  the  clapper^  keeping  his  feet  on  the  holes^ 
through  which  the  air  enters,  and  lifting  them  and  shifting  his  weight 
from  one  to  the  other  bellows  as  may  be  necessary^  a  bent  bamboo 
being  used  ub  a  spring  for  the  bellowa  Another  illustration  shows  a 
primitive  ore- washing  plant,  a  mountain  stream  being  used  for  this 
purpose.  The  author  refers  to  the  Delhi  column  as  a  proof  that  the 
iron  industry  existed  at  one  time  on  a  far  more  important  scale  amongst 
the  native  inhabitants  of  India  than  it  does  now,  but  even  tradition  is 
silent  on  this  matten  This  column  was  constructed  in  the  fourth 
centurj  A.D, 

Oruciblo  Steel. — J*  B>  Johnston  *  states  that  open-hearth  steel 
is  replacing  crucible  steel  in  America,  The  latter  material  was 
mostly  made  from  Swedish  raw  mattrialj  which  was  largely  absorbed  by 
B  Great  Britain,  and  American  substitutes  were  sought  from  their  own 
charcoal  funmces,  and  later  from  the  improved  products  of  small  con- 
verters and  the  opendiearth,  with  such  success  that  the  raw  product 
tends  to  T'^place  the  cruoible-treated  material. 


^ 
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E,  Hchmftfcolla  *  describes  his  form  of  crucible  steel  furnace.     In  ihi* 
thti  wRJste  gases  are  used  aa  a  source  of  heat.     The  modtficatioo  bow 
described  consists  of  a  system  of  two  crucible  firea  and  a  recupei 
sh&ft  for  the  preheating  of  the  air  to  be  used  for  the  combustion  ol 
fuel     The  products  of  combtiBtioti  from  the   first   crucible  fire 
into  the  next  liole  near  the  top  of  the  crucible,  zmd  taking  a  dc 
ward  course,  escape  near  the  bottom  of  this  second  hole.     Tbej  thm 
pass  up  a  shaft  around  tubes  down  which  cold  air  is  forced- 
subsequently  escape  into  the  stack.      The  plant  generally  ia 
described. 


rat(!^^ 

3 

y  thm 
Tbo^ 
b|i^ 


Steel-Gastmg  Foundries. — An  illustration  t  is  given  of  the  in 
terior  of  a  steel-casting  foundry  at  Chester,  Pennsylvania,  to  show  tlie 
electric  travelling  cranes,  of  which  there  are  five^  all  of  60  feet  span^ 
comuiamling  a  floor  space  of  33,600  square  feet.     Two  of  these  are  of_ 
30  tons  capacity,  one  of  25  tons^  and  two  of  10  tons. 

Three  illustrations  are  given  I  of  a  new  steel 'foundry  at  Kenda 
Station,  uear  Pittsburg.     There  are  two  lO-U^n  melting  furaaeea^  an 
the  works  are  equipped  with  electric  cranes,  and  all   tools  are  all 
driven  with  electro-motors*     A  plan  and  illustrations  of  the  charginj 
side  of  the  furnaces  and  of  the  core-room  at  the  steel-foundry  at  East 
St.  Louis,  Illinois,  are  also  given,  g     It  contains  four   15-toa  tilti]f^| 
Well  man  furnaces  and  a  charging  machine. 

A  general  and  profusely  illustrated  account  of  several  large  iron  aad 
steel  works  is  given,  ||  including  Lord  Armstrong's  Els  wick  works,  bj  E. 
Taylor ;  the  Carnegie  works^  by  C.  M.  Schwab ;  the  Krupp  eatabliBJ^ 
ments,  by  R  Schroedter^  the  Westinghouse  and  Bethlehem  works,  fSE^| 

Illastratiijns  f  are  puhliahed  of  a  new  German  works  for  making 
steel  castings.     It  is  provided  with  three  15-ton  open-hearthsu  _^^ 


Centrifugal  Casting* — A.  E.  Fay**^  deals  with  the  history  anil 
practice  of  centrifugal  casting,  adding  many  facts  to  the  simikr 
account  of  this  subject  given  by  E.  Lewicki.tt     Tlte  earliest  prnten^ 

•  Stahl  und  Bum^  toL  xi^  pii.  11J16-1137 ;  one  iUustrntioii. 

t  Iroiir  Am,  ApriJ  18,  1901,  p.  7. 

%  If^m  Trade  /iem«^  NrtvemWr  15. 1900 »  pp.  14-15. 

%  Ibid.,  Bee^ijiber  20,  pp.  13-15* 

II  Eivjineering  .Ifatfattne,  vol.  %x.  pp.  400-550* 

f  Staht  und  Etitn,  vul  x%,  pp.  liet-ll&6;  six  illurttnti^i, 

*•  Iron  At;e,  F«brujiry  28^  1901,  pp.  IS-IS, 

tt  ^tii*9hnfi  dci  Vertinu  PtMiicher  hiff^nieur^t  toI  iM.  pp*  TIS-TSI- 
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recorded  Is  that  graDted  to  A.  G.  Eckhardt,  of  tlie  Royul  Society,  in 
1809,  followed  in  America^  by  T.  G.  Lovegrove  in  1848.  Of  the 
various  designs  there  are  four  classes,  acconimg  to  tbe  plane  of  rotation 
in  relation  to  the  axi?.  Several  forma  of  apparatus  are  described  more 
,  4?r  less  in  detail,  but  Bjiecial  attention  is  giveii  to  the  apparatus  of  Hutl), 
Iknd  of  Sebeniiis,  Centrifugal  casting  lias  been  used  in  the  manu- 
factnre  of  pipesj  of  composite  railway  ^vheeb,  of  ingots  free  from  blow- 
holes iti  tlie  steel  industry,  and  very  largely  for  other  metals,  but  tbe 
total  product  does  not  appear  to  be  great. 


1^ 


Additions  to  St  eel.— In  place  of  using  the  ordinary  manganeae 
other  alloys  as  a  deoxidising  addition  for  steel,  it  is  proposed  to  use 

n  multiple  alloy  containing  about  5  per  cent,  of  aluminium,  10  jier  cent. 

of  manganese,  10  per  cent,  of  silicon,  and  75  per  cent*  of  iron,  with  the 
iew  of  producing  a  more  fusible  and  readily  separated  slag.     Boron 

'WBJ  be  substituted  for  the  silicon.     It  is  stated  that  the  Krupp  Com- 

pKOf  have  obtained  control  of  this  methcKl,^ 

W,  G,  Irwiu  t  states  that  about  500  lbs,  of  ferro-titanium  are  being 

made  at  Niagara  dally,  aud  used  in  steel  manufacture. 


k 


IL— TEE    OPEN-HEARTH   PROCESS. 


Modern  Forms  of  the  Opan  Hearth, — ^H.  M.  Dae  leu  {  and 
.  Pszczolka  observe  that  since  its  first  u^e  by  Martin  for  the  melting  of 
ingot  iron,  the  Siemens  open-hearth  has  been  considerably  modifiod  in 
form,  although  the  system  itstdf  has  always  been  maintained.  At 
the  commencement  attention  was  directed  mostly  to  tlm  shape  and 
measurements  of  the  fusion  space^  and  also  to  the  entrance  channels 
for  gas  and  air.  Only  later  on  was  attention  directed  to  tbe  regene- 
rator cliambera.  The  raising  of  the  roof  by  F,  SiemenSj  an<i  the 
separation  by  Batlio  of  the  entrance  eiiannels  from  the  fusion  space, 
were  important  changes,  while  the  increase  in  length  of  the  bearth  was 
a  modification  that  ensued  naturally  from  practical  experience,  as  a 
means  to  a  better  utilisation  of  the  heat,  and  as  enabling  tbe  oat*turn 
to  be  increased.  Batho*s  change  proved  that  only  one  opening  for  air 
and  one  for  gas  was  necessary  at  ea^ii  side,  and  when  the  cylindrical 

*  It^n  fimd  CtHd  Trmte*  Madewt  vt»I  Ui.  p.  It  OS. 
t  Jroti  Trade  Review,  J^niiniy  io,  190l|  p,  U. 
t  ^aM  tmd  Miten^  toL  xzi.  pp.  50^, 
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Fegenerator  chambers  of  Dick  and  Riley  were  added,  the  assamfitloal 
was  justified  that  the  fortn  of  the  open-heartli  Had  reached  a  lilgii 
degree  of  perfection,    Tlie  outfit m,  too^  was  so  considerable^  that  tfm 
now  it  is  not  exceeded,  aa  far  as  the  number  of  fusiona  per  daj  i 
ooal  cotiaumptioQ  are  concerned.     The  deptlt  of  the  bath  was  rediiioe4l 
to  about  a  half,  some  9  or  10  inches,  and  the  number  of  charges  worked  ^ 
off  per  day  increased  from  two  or  three  to  fire  or  sij: ;  while  the  ooal 
consumption  was  diminished  from  0'5   ton  per  ton  of  prodnction  to 
about  0*25  ton.    These  figures  refer  to  chari^'es  in  which  much  wrought 
or  ingot  iron  scrap  and    relatively  little   pig  iron   is   used.      TbeH 
general   a^ioption  of  the  combined  system  of  Batho  and    Dick  and  ™ 
liiley  was  notj  however,  general,  for  reasons  the  authors  refer  to,     Tiie 
erection  was  too  massive^  and  the  cost  for  the  framework  too  higlj,  ■ 
unless  but  little  fire-resisting  material  was  uaed.     But  a  saving  in  this  ^ 
direction  meant  loss  of  heat  by  radiation.     This  had,  too,  the  effect  of 
being  bad  for  the  workpeople  employed.     The  free  pipes  connecting 
the  hearth  with  the  regenerators  were  thin,  on  account  of  the  space 
available  being  small,  and  the  framing  was  apt  to   bend.      German 
smelters  consider  that  by  retaining  massive  brickwork  and  regenenUon 
of  large  cubic  capacity^  the  furnace  will  work  more  steadily,  and  the 
repairs  be  less  numerous,  especially  in  connection  with  the  furnaoi 
roof.     The  Sch on w alder  modification   has  done  much   in   this   direc- 
tion, and  in  an  editorial  note  it  is  pointed  out  that  a  similar  kind 
of  valve  modification  was  suggested  by  J.  von  Ehrenwerth*  in  tb*] 
eigbtieSt     The  furnaces   now  customarily   employed  in  Germany  are  f 
a  combinatiort  of  all    these   various  improvemonts.      The    depth  of  I 
bath  is  about  10  inches,  five  to  six  charges  are  worked  off  daily,  thei 
consumption  of  coal  is  about  25  per  cent  of  the  yield,  and  the  roof  | 
lasts  from  1 50  to  200  working  days,.    It  is  not  considered  advantageous^ 
from  the  point  of  view  of  the  scrap  used,  to  exceed  a  capacity  of  25  ^ 
to  30  tons,  and  this  is  only  customary  in  other  countries  where  the 
charge  consists  mainly  of  pig  iron,  especially  in  the  United  Kingdoni| 
with  a  view  to  save  wages  and  fuel    A  similar  saving  would^  however,  ■ 
result  in  a  much  more  effective  way  from  the  use  of  charging  appliances 
for  cold  materials  and  preliminary  fining  for  molten  additions.     The 
desire  to  replace  hand  labour  by  mechanical  devices  led,  in  the  United 
States  about  twelve  years  ago,  to  the  invention  of  the  tipping  form  of 
the  open-hearth*     The  authors  criticise  this  form  severely.     Amongst 
other  advantages  claimed  for  this  form  of  furnace  ia,  that  the  conte&li 
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can  he  partly  removed  and  the  remainder  dealt  witb  as  desired.  This 
is  oolj  of  use  in  connection  with  atetjl  castings  or  ingots  for  forgings, 
and  is  of  no  use  at  all  for  mass  prodnctiorii  for  which  it  is  always  most 
profitable  to  tap  at  once  tlie  fiiiislied  charge  into  the  ladle.  The 
results  attained  in  practice  are  on  the  whole  un Favourable  to  the  use 
if  mechanical  aids  in  furnace  work«  This  is  best  evinced  by  the 
iptoerous  attempts  made  in  this  direction  with  the  precursor  of  the 
-hearth — the  puddling  furnace.  The  simple  puddling  furnace 
itnecessfully  held  its  own  against  all  the  Danks,  Pernot,  and  other 
forms,  despite  the  fact  that  the  necessity  for  the  replacement  of  hand 
labour  by  mechanical  appliances  wns  far  greater  in  the  puddling  furnace 
than  it  is  in  the  open-hearth «  In  this  connection  the  authors  refer 
to  the  Talbot  process,  an*l  they  quote  froni  the  account  of  it  which 
appeared  in  the  Jouriml  of  the  iron  and  Steel  iTudtute  (1900,  No*  I,), 
They  point  out  that  Talbot  said  that  Oaeleii  admitted  a  probable  loss 
by  the  duplex  system  of  12  or  13  per  cent.^  which,  compared  with  a 
gain  of  6  or  7  per  cent,  by  the  Talbot  process,  showed  a  difference  of 
IS  to  20  per  cent.,  or  15s,  to  205.  per  ton.  This  remark  the  authors 
controvert,  placing  the  gain  at  15^05s,  in  the  most  favourable  case,  and 
considerably  less  io  other s.  It  is  not  merely  in  the  Talbot  process, 
however,  they  observe,  that  such  a  yield  as  107  per  cent,  res ii Its  by  the 
use  of  ore,  for  it  has  long  been  found  that  in  open-hearth  practice  the 
more  ore  could  be  reduced,  the  higher  was  the  percentage  of  pig  iron 
in  the  charge.  Indeed  tins  is  shown  by  Riley's  paper  in  the  same 
volume  of  the  Journal  on  "The  Use  of  Fluid  Metal  in  the  Open- 
Hearth/'  who  shown  a  yield  of  103'6  per  cent*  By  the  use  of  the 
author's  duplex  method  it  is  not  possible  to  reduce  so  much  ore  in  the 
open^ heart!  1,  as  the  metal  charge  with  this  only  retains  small  quantities 
of  carbon  and  silicon.  On  the  other  band,  to  reduce  the  ore,  heat  is 
necessary,  and  this  is  obtained  by  the  consumption  of  gas  or  coal  in  the 
open-hearth,  while  in  the  preliminary  fining  of  Uiost  kinds  of  pig  iron 
by  the  duplex  method  the  high  percentage  of  silicon  present  leads  to  an 
excess  of  heat  resulting^  which  can  be  utilised  by  the  addition  of  ore  in 
their  apparatus  resembling  a  converter.  The  pig  iron  charged  into  an 
open-hearth  usually  contains  1  per  cent  more  silicon  than  is  required 
for  the  preliminary  fining.  The  authors  consider  that  they  can  produce 
as  good  results  financially  as  are  attained  by  the  use  of  the  Talbot 
process,  and  they  adversely  criticise  the  use  of  a  75  or  100  ton  furnace 
having  an  output  of  a  furnace  only  about  a  third  the  size*  They  point 
out,  too,  that  their  own  process  is  not  tlie  "  duplex  process,^'  for  they 
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use  no  Bessemer  eonverteri  and  blow  no  air  througli   the  ImUi  at 

molten  metal.  What  they  do  ii  to  blow  hot  air  under  low  preisore  on 
the  sutface  of  the  molten  metaL  They  contend  that  with  a  25- ton 
furnace  they  get  a  20  per  cent,  higher  yield  per  week  than  woold 
result  from  the  use  of  the  Talbot  process,  while  the  metal  produced 
is  of  excellent  quality,  which  they  consider  to  Ije  most  ujilikely  when 
the  Talbot  process  is  em  ployed.  The  latter  process  is  further  adversely 
criticised,  and  in  concUision  the  authors  say  that  the  tipping  form 
of  the  open -hearth  is  not  likely  to  become  common  in  Contini^nUl 
practice. 

It.  M,  Daelen  aud  L,  Pszczolka*  give  rei^ons  against  the  iutro- 
ductioE  of  the  tilting  open-hearth  furnace  and  the  Talbot  process  in 
Germany  and  Austria^lungary*  The  claim  for  increased  yi<sM  in  the 
process  and  the  cost  of  the  tilting  furnace  are  criticised  from  an 
adverse  point  of  view. 

C.  Olausel  de  Consaergues  f  summarises  the  modifications  introdnced 
in  the  cotistruction  of  the  opendi earth  furnace  tn  recent  years^ 

H*  W.  Lash  I  describes  the  Talbot  process,  and  compares  the  cost 
with  tliat  of  the  Bessemer  process  to  its  advantage.  Other  advantages 
are  also  summarised. 
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Electric  Power  in  Steelworks.— Illustrations  have  appeared  § 
the  overhead  traveUiug  electric  ladle  crane  erected  at  Vickers  Sons 
Maxim's  works  at  Sheffield  by  the  Wellman-Seaver  Company,  The  mail 
trolley  handles  loads  up  to  100  tons,  and  an  auxiliary  trolley  handlet 
lighter  loads  np  to  25  tons»  The  various  movements  are  operated  by 
^ve  motors  varying  from  100  to  5  horse-power,  and  supplied  with 
current  at  220  voltsL 


I 
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Electrically  Driven  Castijig  Waggon,— A  waggon  lo 

a  20^ton  casting  ladle  actuated  by  electric  power  is  described*  ||  It 
is  only  quite  recently  that  electricity  has  been  used  aa  a  motive 
power  for  this  purpose.  A  balancing  arrangement  is  adopted  by 
which  the  ladle  can  be  raised  and  lowered  through  a  height  of  13 
feet.     It  can  also  be  turned  round  and  shaken,  and  indeed  all  three 


*  Irtyfi  aitd  Coal  Trn'Ui  Ilrvifn\  vol  Ixii.  pp.  68-70. 

t  Mimova  dt  /«  Srn^t^  tir*  Intfemmrt  Cimlf^  1J)01,  pp.  47{M91. 

X  Iron  Trtuie  Ikvkw,  February  28,  liWl,  pp.  14- IB* 

g  Snpinttr,  vol.  xci.  pp.  23J^-241, 

U  Siahl  und  Sitent  vol  xxh  pi>>  275-377;  thra«  iUutiinlioni; 
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tnotlons  can  he  effected  simaltaneousljr.  It  is  driven  by  two  motors 
acting  independently. 

I  S.  F.  Walker*  discusses  the  use  of  electricity  in  the  manufacture  of 
iron  and  steel  in  its  various  stages,  nnd  gives  tlie  following  ilhistra- 
tions: — Magnetic  separator ;  Welluiau-Seaverclmrging  machine  and  its 
appurtenances;  cranes  with  electro-magiiets  for  lifting;  electric  charging 
crane  at  the  South  Bethlehem  works ;  electrically  operated  ore  bridge  ; 
bin-filling  car  and  scale  car  at  Youngstown  ;  electric  locomotives  for 
ladle  trucks ;  electric  charging  machine  and  overhead  cranes  and 
travellers  at  the  Homestead  Works;  electro-motors  for  raising  and 
lowering  the  rolls  at  the  Parkgate  Works,  ifec, 

L,  Bell  t  also  deals  with  the  use  of  electro-motors  in  engineering 
Works,  and  gives  illuatrationa  of  various  tools  driven  in  this  way* 

Open  -  Hearth  Door  Hoist. — At  the  Parkgate  iron  and  steel 
works  I  pneumatic  door  hoists  are  used  for  the  open-hearth  furnaces. 


English  Open- Hearth  Steelworks,— A  general  plan  is  given  § 
of  the  works  of  Dorman,  Long  t^  Co,  at  Micidiesbrough.  At  the 
Britannia  Works  there  are  seven  opendiearth  fpinaceg  with  capacities 
from  40  to  50  tons,  and  four  30-toD  furnaces,  one  being  basic-lined. 
Gas  is  supplied  by  twenty-four  Ingbam  producers,  Tbe  cogging  mill 
is  42  inches,  and  there  are  28-incli  and  36'incb  finishing  millSj  the 
former  having  electrically  driYen  live  rollers.  Borne  il  lustrations 
of  the  electric  plant,  straightening  rolls,  and  one  finishing  mill  are 
given. 


Oanadian  Open-Hearth  Steelworks.— The  Dominion  Iron  and 
Steel  Company *B  works,  of  which  plans  and  other  illustrations  are 
given Jl  consist  of  a  plant  of  four  blast- Furnaces,  ten  50- ton  open-hearth 
furnaces,  a  3 5- inch  blooming  mill  and  pit  furnaces,  400  Otto- Hoffman 
coke-ovens,  coal- washing  and  sulphuric  acid  plants,  an  essential  oil 
i  bj*product  plant,  and  a  large  machine  shop  and  foundry,  The  ore 
unloading  and  piling  plant  consists  of  four  towers  similar  to  those  on 
the  Montreal  docks  for  handling  coal,  and  the  stockyard  is  366  by  952 


•  Enffine£i*ififf  Jlfuf/asitw,  vtil,  xi,  pp*  S58-87fi* 

X  fnm  rtflrf  €oa{  7'mf^»  M/^rirw,  Ttsl,  IxL  fit  1165* 

S  li^id,,  ToL  Uil  pp.  711-713. 
II  Ibid,,  vol  bd,  pfh  W&B'lom, 
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feet,  with  room  for  extension.  The  furnaces  are  85  feet  high,  with 
20-foot  boshes,  llf  feet  in  the  hearth  and  14^  feet  at  the  stock  line. 
They  have  twelve  6-inch  tuyeres  and  Kennedy's  top  filling  appliances. 
The  stoves  are  of  the  Cowper  type,  21  by  85  feet.  In  the  engine- 
house  are  five  blowing  engines  with  high  pressure  cylinder  50  inches 
in  diameter,  low  pressure  96  inches,  and  air  cylinder  also  96  inches 
with  a  common  stroke  of  60  inches.  The  metal  from  the  furnaces 
will  be  taken  in  25-ton  ladle  cars  to  a  Heyl-Patterson  pig  casting 
machine,  which  has  a  capacity  of  1600  tons  per  twenty-four  hour?,  or  hot 
metal  may  be  taken  direct  to  the  open-hearth  furnaces.  The  steel  plant 
consists  of  ten  50-ton  open-hearth  steel  furnaces.  They  are  of  the 
tilting  type,  and  the  Bertrand-Thiel  process  may  be  used.  These  are 
arranged  in  a  continuous  row,  and  metal  may  be  pat  in  the  furnace 
from  either  side,  or  cold  pig  iron  or  stock  may  be  placed  in  the  furnace  by 
two  Wellman-Seaver  charging  machines.  The  product  of  the  furnaces, 
which  is  estimated  at  1400  tons  per  day,  will  be  tapped  into  50-toD 
ladles,  from  which  it  is  poured  into  the  moulds  on  cars. 

The  Dominion  Iron  and  Steel  Company  owns  the  iron  ore  deposits 
in  Conception  Bay,  Newfoundland.*  The  following  are  two  recent 
partial  analyses  of  the  ore  mines : — 


!            I. 

II.      i 

1 

Iron  . 
Silica 

Phosphorus 
Sulphur    . 
Moisture  . 

Per  Cent. 
54-43 
9-34 
074 
0-05 
1-50 

Per  Cent. 

5184 

13t)0       ! 
OW 

0^       ' 
2-50       1 

The  known  quantity  of  available  ore  above  sea-level  is  estimated  at 
25,400,000  tons.  The  company  owns  other  ore  deposits  elsewhere. 
It  is  to  be  regretted  that  the  physical  character  of  the  ore  is  not  men- 
tioned. Tlie  Cunadian  ores  so  far  imported  into  Germany  were  in 
lumps,  and  cost  at  Euhrort  13s.  to  143.  Enormous  coal  deposits  are 
available.  One  of  these,  the  Sydney  field,  is  estimated  to  contain  over 
2,540,000,000  tons  of  coal.  The  following  are  assays  of  coal  and 
coke  used  by  the  company  t : — 


*  Jron  Afj^,  November  8,  1000,  p.  18 ;  Stahl  uiul  Eisen,  yoL  xxi.  pp.  56-62  ;  seven 
illustrations. 

t  Stahl  und  Eiscn,  vol.  xxi.  p.  5G. 


PRODUCTION  OF  STEBL. 


477 


Raw  Coal. 

Washed  Coal. 

Moisture      .... 

Volatile  matter    . 

Fixed  carbon 

Sulphur        .... 

Ash 

Per  Cent. 

1-21  to    1-54 

30-86   „  32-45 

60-45   .,  62-91 

1-50  „     1-64 

4-69  „    5-65 

Per  Cent. 

0-84  to    1-08 

32-99  „  37-86 

6109  „  62-60 

107  ..    117 

3-31  „    4-50 

The  coke  contains  from  0'78  to  1*01  per  cent,  of  sulphur  and  5'38  to 
6*24  per  cent  of  ash  in  the  case  of  the  various  assay  results  given.  It 
is  stated  to  give  satisfaction  in  the  blast-furnace.  The  limestone 
used  comes  from  the  marble  quarries  at  Clark's  Core,  and  dolomite  is 
obtained  from  George  River.  The  works  are  quite  new,  and  the 
Government  in  order  to  foster  the  industry  has  granted  large  premiums 
for  the  first  four  years.     The  works  themselves  are  described. 


American  Open-Hearth  Steelworks. —A.  P.  Head*  gives  an 
illustrated  account  of  the  new  works  of  the  Alabama  Steel  and  Ship- 
building Company  at  Ensley,  near  Birmingham,  Alabama.  There  are 
ten  50-ton  open -hearth  tilting  furnaces  of  Wellraan's  design  placed  in  a 
line  in  a  building  748  feet  long  and  80  feet  in  width.  The  body  of  the 
furnace  is  approximately  rectangular,  instead  of  oval,  and  the  neck 
containing  the  ports  is  movable,  so  that  it  can  be  drawn  away  when 
the  furnace  is  being  tilted.  Each  furnace  has  three  charging  doors, 
and  the  metal  may  be  poured  direct  into  the  ladles,  or  through  a  fore- 
hearth  attached  to  the  furnace  at  the  tapping-hole  direct  into  the  ingot 
moulds  on  trucks.  This  appliance  has  met  with  much  success.  Two 
Wellman  electric  charging  machines  are  used.  Gas  is  supplied  by  thirty- 
two  producers.  The  ingot-stripper  is  electrically  worked.  The  bloom- 
ing mill  is  two  high,  with  44-inch  rolls  and  electric  screwing  gear  and 
live  rollers  also  electrically  actuated.  A  reversing  engine,  with  two 
36-inch  cylinders  and  48-inch  stroke,  drives  the  mill,  being  geared  at 
two  to  one. 

A  plan  and  some  illustrations  have  been  published  f  of  the  new 
plant  of  the  United  States  Steel  Company  at  West  Everett,  Massa- 
chusetts, which  is  chiefly  devoted  to  the  manufacture  of  steel  castings 
and  tool  steel.  The  main  building  is  200  by  120  feet,  of  which  the 
centre,  58  feet  wide,  is  spanned  by  electric  cranes,  and  forms  the 


1901._i. 


*  Iron  and  Coal  Trades  Review^  voL  Ixii  pp.  553-657. 
t  Iron  Age,  January  17, 1901,  pp.  1-4. 
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moulding  and  casting  floor.  One  side  contains  the  core  ovens  and  on 
the  other  side  are  placed  two  15-ton  open-hearth  furnaces.  An  adja- 
cent building  is  furnished  with  a  twelve-pot  crucible  furnace. 

A  plan  of  the  steelworks  at  Granite  City,  Illinois,  has  been  pub- 
lished, with  an  illustrated  description  of  the  works.  In  the  scrap  and 
material  yard  mill,  scrap  is  not  bundled,  but  is  placed  loosely  in  the 
charging  boxes,  and  taken  in  trucks  up  an  incline  to  the  charging 
floor.*  Altogether  there  are  six  25-ton  open-hearth  furnaces.  Raw 
dolomite  is  used.  Ingots  are  cast  on  cast  steel  ingot  trucks.  Plates 
are  rolled  on  a  universal  mill,  designed  for  8  to  36  inch  plates,  and 
there  are  a  large  number  of  sheet  mills.  The  rolled  material  is  used 
for  making  stamped  and  enamelled  ware. 

Some  photographic  illustrations,  and  a  short  general  description  of 
the  works  of  the  Bethlehem  Steel  Company,  have  appeared.! 

Andrew  Carnegie  |  comments  on  the  development  of  steel  manufac- 
ture in  the  United  States,  chiefly  from  the  future  industrial  point  of 
view. 

Japanese  Steelworks. — An  account  is  published  by  Wada  §  of  a 
new  steelworks  just  erected  by  the  Japanese  Government  in  the  neigh- 
bourhood of  Kokura,  in  the  north-east  of  KiiisitL  The  works  is 
designed  to  have  an  annual  out-turn  of  35,000  tons  of  rails,  25,000  tons 
of  sheets,  15,000  tons  of  shapes,  and  in  all  above  90,000  tons  of 
Bessemer  and  open-hearth  metal  in  one  form  or  another.  It  is  anti- 
cipated that  the  cost  of  the  ton  of  rails  will  be  about  £5,  14a,  and  the 
ton  of  sheets,  £7,  Is.  The  ores  will  be  brought  from  Hauyang,  in 
China,  and  are  stated  to  be  of  excellent  quality.  The  works  lie  near 
the  harbour  of  Wakaniatsa,  and  are  stated  to  be  of  the  most  modern 
type,  the  cost  having  amounted  to  about  £140,000.  It  is  anticipated 
that  it  will  soon  be  found  possible  to  still  further  enlarge  the  plant  by 
laying  down  a  mill  for  rolling  armour-plates. 

A  recent  consular  report  ||  refers  to  the  new  iron  and  steel  works  in 
the  nurth-western  corner  of  the  Japanese  island  of  Kiusiu,  near  an 
excellent  harbour  and  a  railway.  The  works  comprise  coke-ovens  and 
blast-furnaces ;  Bessemer,  open-hearth,  and  steel  foundry  ;  roughing, 

*  Iron  A'jf,  January  !(».  1()<»1,  pp.  12-17  ;    with  iuset. 
t  /;•<■»  and  CimI  Trad'S  Rfr'ntr,  vol.  Ixii.  pp.  183-lj^5. 

X  Kv>  nin-j  P<-6t.  Xt'w  York  :  Ir.n   Tradi   ncvicic,  January  24,  1901,  pp.  20-21;  Ir^m 
aui  (yjtd  Trad'S  A'/ r»V»'-,  vol.  l\ii.  j).  178. 
§  Stahl  \iurl  Kiscn,  vol.  xx.  ]\  KhVA. 
I    EngiiHrrinn,  vol.  Ixxi.  pj).  4!>7-500. 


PBODUCTION  OF  STEEL* 


479 


iml,  bar,  sheet,  and  plate  mills.  The  total  appropriation  of  the 
Government  is  14|  million  yen^  of  which  4|  tniliion  have  been 
expeuded. 


I 


111.— TEE   BESSEMER   PROCESS, 


The  First  Bessemer  Rail, — A  section  of  the  first  Bessemer  rail 
has  been  pttiseuted  to  the  Institute  by  Mr.  Edward  Kiley,  who  has 
kindly  furnished  the  following  analyses  :^ 

krst  Eesgemer  rail  rolled  at  Dowlaia  in  the  autumn  of  1856.     Ingot 
made  at  Besgamer  Works,  at  Baxter  House,  St.  Fan  eras,  London^ 
from  best  Blaenavon  foundry  pig : — 
Per  Cent. 
Carbon        ,*,*,,,,,         IrmcA 
Silicon        .-.»..,..        tnti^a 
Sulphar 0-235 
rh(»iiiiUaruB        , 0*51  ti 
ArBeiiiiJ nil 
MfLnganeie         ..,,«...  nil 
Coinwr      .,,......         nil 
Iron 9»J  240 
.*, 


100  000 


Pig  iron  used  for  above  Bessemer  rail : — 


F     Th 


Cktboti 
Bilif^oii 
Sulpbur     * 
PboBplionit 


r<u-  Cent. 

vm 

0-07 
0^2t** 
0*28 


The  analysis  of  pig  iron  given  above  is  not  from  the  actua!  jjig  iron 
used  J  it  is  an  analysis  of  the  best  Blaenavon  found  ly  metal^  such  aa 
was  used  by  Bessemer  in  his  experiments  at  Baxter  House. 


SmaU  Converters, — H,  Gui^in*  descrihes  the  small  converter 
designed  by  T»  Levaz,  and  used  at  Stenay  in  France.  It  is  of  the  tilt- 
ing type,  with  side  blast,  and  the  U|>i>er  part  is  enlarged  to  form  a 
pocket  to  receive  the  metal  when  the  vessel  is  turned  down.  The 
charge  of  3500  to  4000  lbs.  is  blown  in  twelve  minutes. 

Three  2-ton  Tro|>eiias  converters  have  been  installed  at  a  works  at 
Chicago  Heights,  and  tlieir  capacity  is  rated  at  50  tons  per  day*     With 

*  Engif^eerinQ  Mayt^ine,  vol.  xx..  jn  1049> 
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an  air  blast  of  3  to  4  lbs.  pressure,  the  blow  lasts  sixteen  to  twenty 
minutes.  Ferro-silicon  or  ferro-manganese  is  added  to  obtain  the 
desired  quality.  Mild  steel  castings  are  usually  made  with  a  tensile 
strength  of  65,000  to  75,000  lbs.  per  square  inch,  and  an  elongation  of 

20  to  30  per  cent.* 

Metal  Uixers. — Tlie  Jones  mixer  patent  litigation  has  reached  the 
Supreme  Court  in  the  United  States,  and  the  briefs  filed  by  both  parties 
have  been  published,  t  On  the  one  side  it  is  contended  that  the  direct 
process  of  Bessemer  working  with  metal  from  the  blasthfumace  is  ouly 
practically  and  commercially  successful  on  a  large  scale  when  the  mixer 
is  used,  and  that  the  patent  should* be  upheld.  The  other  side  cou- 
tend  that  too  much  stress  has  been  laid  on  this  allegaUon,  and  that 
there  have  been  anticipations  of  the  practice  both  on  paper  and  in 
practice.     The  American  patent  expired  on  June  1,  1901. 

Mixed  steel  Process. — R.  B.  Eemohan  |  proposes  to  meet  some 
of  the  objections  to  the  mixed  Bessemer  and  open-hearth  processes 
raised  by  H.  H.  Campbell,  especially  those  relating  to  the  cost  of  the 
preliminary  treatment  in  the  converter.  Practically  the  method  con- 
sists in  replacing  the  ordinary  converter  by  a  special  form  consisting 
of  a  long  inclined  trough  down  which  the  metal  is  to  flow  from  the 
mixer  to  the  open-hearth.  During  its  passage,  the  thin  layer  is  sub- 
jected to  a  blast  through  a  number  of  tuyeres  directed  up  the  slope  so 
as  to  delay  the  downward  flow,  and  thus  the  metal  may  be  completely 
decarburised.  The  trough  is  covered  over,  and  is  to  be  made  in  re- 
movable sections  with  provisions  to  allow  for  expansion. 

New  American  Bessemer  Works.— Some  details  have  appeared  § 
of  the  New  Republic  Steelworks  at  YoungstoWn,  Ohio.     Four  cupolas, 

21  feet  higii  by  8  feet  7  inches  in  diameter,  are  placed  in  a  three-storey 
building.  The  converters,  of  25-ton  capacity,  are  placed  in  a  steel 
building  121  feet  by  60  feet,  and  50  feet  in  height,  the  ladles  being 
brought  to  it  from  the  cupola-house  by  a  cable  tramway.  The  bloom- 
ing mill  is  designed  for  billets  and  slabs.  Dimensions  of  the  leading 
buildings  are  <;iven. 

*  Inm  A(j€,  Jftimary  3,  1001,  pp.  18-19. 

+  Jhid.,  ,lnnu:iry  lM.  11K)1,  p.  10,  and  January  31,  1901,  p.  22. 

t  Jf^id..  January  31.  lOul,  pp.  10-11. 

§  Ktiijifucrin^  atvi  Mitiinrj  Journaiy  vol.  Ixx.  p.  426. 
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Compressed  Fluid  SteeL — An  improvement  in  the  method  of 
compressing  fluid  steel  *  has  been  practised  with  good  results  at 
St.  Etienne.  The  metal  is  poured  into  moulds  of  a  somewhat  more 
abrupt  taper  than  that  usually  given,  and  the  hydraulic  pressure  is 
applied  from  below,  forcing  the  metal  upwards  in  the  conical  mould. 
It  is  claimed  that  this  method  is  more  effective  than  the  original  one, 
employed  by  Whitworth,  of  applying  the  pressure  to  the  top  surface 
of  the  metal  in  an  ordinary  ingot  mould. 

Some  notes  on  the  early  history  of  the  fluid  compression  of  metals 
are  given  by  A.  E.  Fay,t  who  shows  that  the  process  was  first  applied 
to  the  softer  metals,  such  as  lead  and  copper,  at  an  early  date. 

Repairing  Faulty  Castings. — Some  further  account  is  given  of 
the  application  of  the  Goldschmidt  alumino-thermic  method  as  applied 
to  the  welding  of  worn  or  broken  parts.  |  The  application  of  this  to 
rolls  is  specially  referred  to.  Instead  of  having  to  go  through  the 
present  lengthy  and  cumbrous  method  of  softening  the  broken  part, 
what  is  now  done  is,  simply  after  heating  the  metal  to  be  treated,  to 
pour  a  little  of  what  is  called  "  thermite  steel  " — metal  prepared  by 
the  Goldschmidt  method — on  to  the  broken  face,  and  then  to  fill  up 
the  mould  with  whatever  metal  is  to  be  used.  Care  must  be  taken  to 
see  that  none  of  the  alumina  slag  is  left  on  the  metal  when  this  is 
poured.  After  pouring  off  the  greater  part,  the  last  portion  must  be 
removed  by  an  iron  rod.  Great  caution  must  be  observed  in  doing 
this,  as,  if  this  slag  is  left,  faulty  welding  might  result.  To  Obtain  an 
iron  that  will  flow  quietly,  the  addition  of  some  manganese  is  much  to 

*  Bihang  till  Jemkontorets  Annaler,  1900,  pp.  294-303. 

t  Iran  Age,  January  31, 1901,  pp.  29-30. 

X  StaJU  und  Eiseti,  vol.  zzi.  pp.  23-24  ;  one  illustration. 
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be  recommended.  This  is  done  by  adding  immediately  after  the  re- 
moval of  the  slag  some  so-called  manganese-thermite  to  the  molten 
iron  in  the  crucible.  About  10  to  20  grammes  of  this  for  each  kilo- 
gramme of  iron  is  adequate.  The  addition  must  be  made  as  rapidly 
as  possible  in  order  to  avoid  a  lowering  of  the  temperature.  Any 
slag  formed  can  be  held  back  when  the  metal  is  poured.  In  the  case 
in  question  the  thermite  steel  was  poured  on  the  broken  casting  from 
three  cnicibles,  each  for  the  few  minutes  having  three  men  to  look 
after  it — nine  men  in  all,  that  is,  for  the  three  crucibles.  Ingot  metal 
as  hot  as  possible  was  poured  on  immediately  after  the  addition  of  the 
thermite  steel  and  the  mould  filled  up.  The  process  has  always  been 
'  successful. 

Electric  Welding. — The  various  methods  of  electric  welding  are 
described,  with  the  aid  of  thirty-five  illustrations,  by  H.  Braune.* 

New  Tool  Steels. — The  tool  steel  made  by  the  Bethlehem  Steel 
Company  for  cutting  at  a  high  speed  almost  regardless  of  the  tempera- 
ture, is  stated  t  to  contain  at  least  0*5  per  cent,  of  chromium  and  1*0 
per  cent,  of  tungsten  or  molybdenum,  or  a  mixture  of  those  elements. 
In  some  cases  the  percentage  runs  up  to  5  or  6  per  cent.  The  tools 
made  from  such  a  steel  are  first  of  all  heated  to  a  temperature  of 
1725**  F.,  or  in  some  cases  to  1850*  F.  or  more.  They  are  then 
cooled  rapidly  by  a  lead  bath  to  a  temperature  below  1550*  F.  The 
temperature  should  not  be  allowed  to  rise  temporarily  during  the 
cooling  down  to  1240'*  F.,  but  it  may  be  held  stationary  for  some  few 
minutes  preferably  between  700*  F.  and  1240*  F.,  or  it  may  be 
reheated  to  tliose  temperatures.  A  fusible  slag  is  used  to  protect  the 
metal  from  oxidation. 

In  a  paper  read  by  Reuleaux  J  some  further  particulars  are  given 
of  the  Taylor-White  tool  steel,  which  was  shown  in  operation  at  the 
Paris  Exhibition  by  the  Bethlehem  Tool  Works.  When  working  on 
soft  steel  a  remarkably  heavy  cut  can  be  taken  at  a  cutting  speed  of 
150  feet  per  minute.  This  performance  is  partly  due  to  the  fact  that 
the  cut  is  not  scraped  ofi*  in  the  ordinary  way,  but  split  off",  the  action 
being  similar  to  that  of  splitting  off  a  wood  chip  with  an  obliquely 

*  Jcmkoiitorrtu  Aniinhr,  vol.  Ivi.  ]>p.  2S-7vS. 
t  Britihli  Pateut,  No.  10,738  of  liHM). 

*  Vn-hanlfiiU'/'U  dfS  Wnins  zur  Btfonhrinig  dcs  GeiarhjleiMeB^  1900,  pp.  179-189; 
illustrated. 
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keld  axe,     Tlia  cuttings  become  red-hot,  ami  the  tool  itself  also  keata 

tconaiiierahly, 
I  F.  Heissig*  observes  tliat  at  the  same  time  that  the  Bethlehem 
Steel  Company  in  Pennsylvania  were  expenmentiiig  on  an  improved 
tool  steel,  as  subsequently  exUiblteil  by  them  at  the  Piiris  Exhibition, 
Messrs.  BUhler  Brothers  St  Co.  were  eicperimeiiting  in  the  saiae 
directioih  The  author  now  publishes  the  results  of  experiments  ma^e 
vrith  a  tool  steel  the  firm  has  brought  out.  They  were  made  by  the 
author  in  November  1900,  The  first  experiments  referred  to  were 
made  in  east  iron,  while  others  related  to  work  done  on  a  steel 
containing;—* 


r 


Silicon, 
018 


After  nearly  two  hours'  work  on  this  latter  steel  the  tool  showed 
not  the  smallest  sign  of  damage*  Other  experiments  were  made  ou 
ingot  iron.  Extremely  high  values  were  attained  as  to  quantity  (if 
work  done. 

G.  Caspar  t  states  that  in  1695  be  observed  that  t^ertain  speeial 
crucible  steels,  when  treated  in  a  particular  way,  became  very  ban?, 
and  retained  this  hardness  even  up  to  a  temperature  which  bordered 
on  a  dull  red.  Further  experiments  euabletl  the  author  to  obtain  a 
steel  possessing  the  property  of  "njitural  hardness,"  which  differed 
altogether  from  Mashet  steel,  and  was  much  more  workable.  This 
steel  possessed  all  the  properties  now  claimed  in  oonneotioii  with  the 
Bethlehem  and  other  tool  steels  of  this  tyfje.  The  author  now  manu- 
factures this  steel,  and  he  claims  for  it  that  perhaps  it  may  not  do 
quite  so  much  work  as  some  of  these  otliers^  yet  it  possesses  the  great 
advantage  over  these  that  it  can  be  hardened  with  extreme  facility^ 
and  does  not  crack  at  all  in  the  hardening.  It  can  be  readily  forged 
and  filed. 

0*  Thallner  |  states  that  he  visiteil  the  Bethlehem  Steelworks, 
Peiuiaylvania,  on  behalf  of  the  Bismarckhiitte,  Upper  Silesia,  which 
had  obtained  an  option  of  purchase  of  the  tool  steel  hardened  by  the 
Tuylor^White  process.  In  the  British  patent,  Nin  10738,  1900,  this 
steel  is  stated  to  be  produced  by  the  additions  of  chromium,  tungsten, 
and  molybdenum,  not  less  than  0^5  per  cent,  of  chromium  and  1 
per  cent,  of  tungsten  or  molybdenum,  or  a  mixture  of  both,  being 

•  StfiM  uml  Eitm,  vat  %xl  pp,  26-2a 
f  IfitfLt  vol,  xjti.  pp.  75-76* 

t  ibitL,  vol  %xu  pp.  im-m,  215^ 2aa 


484  THS  IKOK  AND  STBItL  tNDtJSTRnCS. 

employed.  If  very  hard  metals  are  to  be  treated  these  additions  are 
increased,  at  least  3  per  cent  chromium,  6  per  cent  of  tangsten,  and 
3  per  cent  of  molybdenum  being  used.  The  carbon  contents  is  of 
secondary  importance,  0*85  per  cent  Hardening  in  a  lead  bath  in- 
creases the  cutting  power  of  the  steel.  The  author  describes  a  series 
of  practical  tests  made  by  him  with  this  steel  at  the  Bethlehem  Works 
on  all  sorts  of  metal.  As  a  result  the  purchase  was  not  completed. 
The  author  points  out  that  chromium  is  capable  of  producing  a 
"naturally  hard"  steel,  and  that  tungsten  and  molybdenum  are 
capable  of  producing  a  still  greater  degree  of  hardness  in  such  a  steel. 
It  is  a  well-known  fact  that  a  "  naturally  hard  **  chrome  steel  must  be 
heated  to  a  very  high  temperature  if  it  is  to  acquire  its  maximum 
degree  of  hardness.  If  such  steel  is  allowed  to  cool  down  slowly  in 
air  from  a  very  high  temperature  down  to  600°  C,  and  then  main- 
tained for  a  few  minutes  before  further  cooling,  the  exact  time  being 
one  to  be  ascertained  as  the  result  of  practical  experience,  and  then 
rapidly  or  slowly  cooled  from  the  temperature,  it  becomes  much  more 
resisting  to  the  influence  of  heating  during  work.  The  American  tool 
required  to  be  changed  every  twenty  or  thirty  minutes  when  being 
worked  at  its  maximum  rate  of  speed,  the  cutting  edge  getting  worn 
down.  The  steel  is,  too,  very  difficult  to  harden.  It  requires  to  be  heated 
for  a  long  time  to  a  very  high  temperature  before  being  rapidly  hard- 
ened. This  leads  to  the  formation  of  cracks,  which  are  almost  impossible 
to  prevent.  The  steel  does  not  really  possess  great  hardness,  but  rather 
great  strength.  The  consequence  is  that  it  cannot  be  used  for  work- 
ing up  really  hard  metal.  The  result  is  that  this  tool-steel  might  be 
of  value  at  one  works  and  not  at  another,  according  to  the  kinds  of 
material  that  have  to  be  dealt  with  and  the  products  desired.  The 
question  has  not  yet  been  finally  settled,  whether  it  is  not  possible  to 
produce  a  steel  which  shall  possess  all  the  good  qualities  of  the 
Bethlehem  steel  without  its  bad  ones.  The  author  deals  generally 
with  the  theoretical  as  well  as  with  the  practical  side  of  the 
subject. 

Practical  results  attained  with  the  mark  L  tool  steel  of  the  Bergischen 
Stahlindustrie  works  at  Remscheid  are  now  given.*  These  are  stated 
to  have  been  as  good  as,  and  in  some  respects  better,  than  those  ol> 
tained  with  the  Bethlehem  tool  steel  or  with  that  of  Bohler  Brothers 
ik  Co.,  referred  to  in  these  abstracts.  The  results  obtained  with  steel 
castings  (III.)  were  notably  high.     This  latter  contained 0*37  percent. 

*  Stahf  und  Eigni,  vol.  xxi.  pp.  170-178;  one  illustration. 
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of  carbon  and  0  8  of  manganese.     The  turnings  per  minute  are  given 
as  follows  in  tJie  case  of  the  three  steels  above  referred  to  : — 


k 


Bethlehem  ftteel  ^ 
Bdhl«r  Bros,  steel      , 
B«Tg.  StoWt Industrie  steel 


Kg.  ri«r  Min,     Kg.  per  Min.  Kj.  per  Min. 
L                    II.  HL 

1-040 

0010  1*130  o-mjo 

0  525  1125  0'\^i 


The  partial  aualjaU  of  IlL  liaa  already  been  given  ;  L  was  a  cast 
iron  J  and  II*  a  steel  with  0"13  per  eenL  of  carbon  and  0'521  of 
manganese. 

Some  interesting  results  of  another  German  self -hardening  tool  steol 
ire  given.* 

Hardetiiog  and  Temperin^.^A  plan  with  a  number  of  illustra- 
tjons  and  sections  of  furnaces  are  given  t  of  J'  H.  Williams  &  Co,^s 
hardening  and  tempering  works  at  Brooklyn.  All  temperatures  in 
the  furnaces  and  in  the  oil  and  lead  baths  are  controlled  by  pyrometers, 
and  the  times  fi>r  heating  are  carefully  regulatoil,  ao  that  colour  deter- 
mination plays  no  part  in  the  work. 

Charging  Appliances  for  Re-Heating  Furnaces,— The  Lauch- 
hammer  Company  |  has  constructed  a  large  number  of  the  charging 
appliances  for  open-hearth  furnaces  that  have  been  described  in  Staid 
uml  Eimn,  Tliese  have  met  with  such  appreciation  tliat  the  same 
company  has  now  designed  a  similar  appliance  intended  for  the 
charging  of  ingots^  ifec,  into  heating  furnaces.  Up  to  now  this  has 
usually  been  done  bj  hand  with  very  primitive  appliances.  The  ap* 
pUance  now  designed  is  described  and  illustrated*  It  is  modified  to 
suit  furnace  arrangements,  three  modified  forms  being  described  and 
illustrated,  one  being  intended  for  cases  wlien  the  Ijeating  furnaces 
are  arranged  in  a  single  Hne  with  adequate  room ;  the  second  when 
there  is  not  space  enou<^h  around  the  furnaces  to  enable  the  first 
form  to  bo  used,  and  the  third  is  intended  for  cases  in  which  either 
the  furnaces  are  placeil  In  two  rows  opposite  each  other,  or  in  a 
semicircular  or  angular  arrangement. 

The  Manufacture  of  Pipes.— -L,  LinJcr§  refers  to  some  modern 
modificatiotis  in  the  metliods  of  manufacturing  iron  and  steel  pipes  and 

*  Siahl  Ufid  S:Um,  vol.  jtw,  p-  300. 

t  Iron  Af^ti  FebiniAry  7,  1901*  pt*.  1^5* 

%  StaM  uititi  Etacn^  vol.  2xL  pp^  125-128;  bhree  iUustniiioDa. 

§  Biharti/  iiU  J^^nkiyntorcis  Ann(Ltei\  1000,  pp.  908-406. 
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fittings.    The  method  of  galvanising  is  also  described.     Both  welded 
and  weldless  tubes  are  passed  in  review. 

The  increasing  high  pressures  used  in  steam  machinery,  10, 12,  and 
15  atmospheres  being  now  by  no  means  rare,  have  rendered  the  cast 
iron  pipes  and  valves  formerly  used  no  longer  applicable.  The  Yerein 
Deutscher  Ingenieure  *  has  consequently,  as  the  result  qf  experiments 
and  careful  calculations,  now  issued  a  series  of  tables  and  drawings 
dealing  with  pipes,  valves,  <&c.,  that  are  suitable  for  use  with  high 
pressure  steam. 

Steel  Rails. — It  is  stated  that  220  tons  of  nickel  steel  rails  were 
made  for  the  Pennsylvania  Eailroad  Company  and  are  being  tested  on 
the  Horseshoe  curve.     The  average  composition  i 


0.  P.  Mn.  Ni. 

0-504  0094  100  3*22 

The  metal  was  somewhat  red-short  in  rolling,  and  very  rigid  and 
hard  when  cold.f     So  far  they  show  very  little  wear. 

Railway  Waggons. — Dimensioned  illustrations  are  given  X  of  the 
25-ton  double  bolster  waggons  now  being  built  in  considerable  numbers 
at  the  works  at  Darlington  and  at  Openshaw,  Manchester. 

Some  illustrations  have  appeared  of  the  works  and  plant  of  the 
Pressed  Steel  Car  Company.  § 

Steel  Sleepers. — In  an  editorial  article,  Sfdhl  und  Eisen\\  con- 
siders the  question  of  ingot  metal  sleepers  as  discussed  at  the  Inter- 
national Railway  Congress.  Their  use  on  the  Gotthard  Railway,  and 
the  comparative  tests  made  by  Renson  on  the  Li^ge-Limburg  line, 
have  already  been  referred  to  in  these  abstracts.  A.  MoreauH  has 
recently  described  the  progress  that  has  been  made  in  this  direction, 
and  the  paper  is  now  referred  to  at  some  length.  Estimating  the 
total  length  of  railway  lines  in  the  world  at  900,000  kilometres  (say 
621,000  miles),  the  total  number  of  sleepers  required  for  this  length  of 
line  is  about  a  thousand  millions.  Allowing  0*35  shilling  as  being  the 
average  cost  of  maintaining  and  renewing  each  sleeper,  this  amounU 

*  SOikl  U7id  Eisen,  vol.  xx.  p.  1239. 

t  Iron  and  Coal  Trades  RtviciCj  vol.  Ixii.  p.  140. 

:  Ihid.,  vol.  Ixi.  pp.  1272-1274. 

§  Iron  Trade  Review,  February  14,  1901,  pp.  11-14. 

;i  Vol.  XX.  pp.  1148-1151. 

•[  Memoircs  dc  la  SociiU  des  InginUars  de  France,  1899,  pp.  072-689. 
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ho  350  millron  shilliDgs,  or  £17,500,000  per  year,  or  ^47,900  per  day. 
Any  reduction  oii  the  average  cost  per  sleeper  means,  therefore,  a  very 
great  saving.  Of  the  various  kinds  of  metal,  sleepers  that  have  been 
tried  J  a  number  have  given  unsatisfactory  results  fi>r  one  reason  or 
another.  Among  the  most  important  of  the  comparative  tests  that 
have  been  made  are  those  that  hav«  been  carried  out  on  the  Netljer- 
lands  H^ulways.  It  has  been  foniiil  that  the  Uie  of  round  holes  in 
sleepers  for  the  holts  has  greatly  increased  the  life  of  the  sleeper  as 
compared  with  those  in  which  the  rectangular  bolts  necessitates  angular 
holes*  The  improvements  made  in  the  shapes  of  Uie  sleepers  used 
are  referred  to,  and  the  influence  of  rusting  is  next  discussed. 
This  has  been  found  to  be  of  practically  no  importance.  In  the  year 
1865,  on  the  Deventer-Olat  line  of  railway  in  the  Netherlands,  10,000 
iron  sleepers  were  laid  down.  Since  then  over  200,000  trains  have 
pasaetl  over  these  sleepers,  and  yet,  after  being  thirty -five  years  in 
use,  the  J  are  thongbt  likely  to  last  for  a  number  of  years.  Other 
points  connected  with  the  use  of  such  aleepera  are  generally  passed 
in  review,  and  all  seem  to  point  to  their  advantage  as  compared  with 
wooden  sleepers.  Except  under  some  special  circumstances,  cracks 
do  not  show  themselves  at  the  bolt  holes  if  they  have  been  drilled, 
Details  are  given  as  to  the  number  of  ingot  iron  sleepers  that  are  in  i 
use.  There  are  over  a  million  and  a  half  of  the  Post  variety  in  use  at 
the  present  time.  The  number  In  use  is  steadily  increasing,  and  if 
the  railways  of  Canada  and  the  United  States  are  left  out  of  considera- 
tion, it  may  be  estimated  that  about  20  per  cent,  of  the  remainder 
have  now  ceased  to  employ  wooden  sleepers  or  ties,  and  used  metal 
onea  only, 

Stmctural    Ironwork*  — The  erection   of    the    Alexander    ITT» 

bridge  crossing  the  Sfine  at  the  Paris  Exhibition  in  a  single  span  of 

■  357  feet,  and  that  of  the  great  dome,  HI  feet  in  diameter  and  128  feet 

in  height,  of  the  Schneider  pavilion,  are  described  by  Michel  Schmidt.* 

The  construction  of  the  Alexander  III*  bridge  has  been  described  in 
great  detail  in  an  exhaustive  work  by  li^sal  f  and  Albyi 

Some  iron  structures  at  the  Paris  Exhibition  are  described  by 
Frahm.|  These  are  dealt  with  at  length,  and  the  description  is  ac* 
cotnpanie^l  by  numerous  dimensioned  illustrations* 

•  Mim&irts  d^  fa  Soci^U  dti  ltu/4nltur$  Citiif  fk  Fraiitif^  1900,  p,  290. 
t  If&Ui  Mur  hi  ConHruoiutn  du  Pmi  Alfmttndre  III.    J^iirk,  1900.     Willi  Atlni* 
:  mu  und  Miseu,  voL  sti-  pi>.  115S-ll*i5»  1212-1210,  and  1274-1285»  with  75  ilhi- 
tratiotia. 
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The  coDstniction  of  the  tourer  of  500  metres,  and  the  acieiitific  ▼ork 
executed  in  connection  with  it^  hare  been  exhuutiveij  described  b 
magnificent  volumes  by  G.  EiffeL* 

The  re-use  of  old  girders,  whether  made  of  cast  iron  or  of  wrought 
iron,  is  somewhat  dangerous,  aceording  to  some  reoentlj  published 
notes.!  In  some  cases,  the  cast  iron  girders  snapped  when  it  wis 
attempted  to  drill  them,  and  manj  of  them  show  dAngeroas  defects 
upon  careful  examination.  In  wrought  iron  girders  the  holes  are 
badly  punched  or  misplaced,  and  hare  grooved  owing  to  conUnnoos 
movement.     Examples  of  these  defects  are  given. 

Armour. — Recent  progress  in  the  manufactore  of  armoor-plates  is 
described  by  K  Delmas.^  An  idea  of  the  magnitude  of  the  appliances 
required  for  manufacturing  modem  armour-plates  formed  from  ingots 
of  50  to  75  tons  is  afforded  by  an  enumeration  of  the  plant  at  the 
Le  Creusot  Works. 

Bacl^  §  gives  some  notes  on  the  armour-plates  exhibited  at  the  Paris 
Exhibition,  where  five  French  firms,  one  Englbh,  two  Russian,  and 
one  Italian  firm  exhibited.  With  the  exception  of  compound  plates, 
all  classes  that  have  been  used  were  to  be  seen,  and  the  author  deals 
with  each  class  in  some  detail  Iron  plates  are  first  reviewed,  and  then 
attention  is  turned  to  the  various  types  of  steel  plates,  including  extra 
soft  steel,  special  steels,  hard  steel,  and  cemented  steel.  Diagrams 
are  given  of  a  number  of  plates  which  have  been  tested,  and  the 
results  of  the  tests  are  given. 

The  Manufacture  of  Ordnance. — Colonel  J.  P.  Farley  !|  gives 

some  notes,  with  numerous  illustrations,  on  the  manufacture  of  the 
130-ton  16-incli  breech-loading  rilies  being  made  at  Watervliet 
arsenal,  New  York.  These  guns  are  intended  for  coast  defence,  and 
are  expected  to  have  an  extreme  range  of  21  miles,  with  a  muzzle 
velocity  of  2300  feet  per  second.  The  rough  forgings  in  the  aggregate 
weigh  375  tons,  and  a  list  is  given  of  the  machine  tools  and  other 
plant  for  their  preparation.  A  vertical  oil-heated  furnace  is  used  for 
heating  the  tubes  preparatory  to  shrinking  them  in  place.      This  coa- 

*  Lit  Tour  dr  Trois  Ccntt  Af'trex.     Paris,  1900.    With  Atlas,     Travaux  Scicntijf'ina 
Ertcut(\»  a  la  tour  dc  Trois  C<nts  Mflres.     Paris,  1900. 
t  Emjinccr,  vol.  xc  p.  408. 

X  Mrmoirrs  rf/'  la  Soriete  dcs  Inrjcnu  ur.<  Cirifs,  1900,  pp.  320-329. 
§  Etvjinfrriwj,  vol.  Ixxi.  pp.  G6,  99,  131,  161. 
II  Notes  OH  the  Construction  of  Onlnance,  No.  78,  Washington,  1900. 
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sists  of  a  firebrick  cylinder  with  13-inch  walls,  with  steam  oil  spray 
burners  in  five  rows  of  four  burners  each.  The  burners  are  placed 
tangentially,  and  are  separately  adjustable.  The  tube  was  made  from 
an  octagonal  nickel  steel  ingot  weighing  100  tons^  of  which  the  top  44 
tons  and  the  bottom  8  tons  were  removed  before  boring,  and  it  was 
forged  on  a  mandrel  under  a  14,000  ton  press.  The  jacket  was  also 
forged  from  an  octagonal  nickel  steel  ingot  weighing  245,000  lbs.,  and 
the  hoops  were  made  of  fluid  pressed  steel  without  nickel.  Tests  of 
the  material  shows  : — 


Tube 

Jacket 

Hoops 


Elastic  Limit. 
LbH.  per  Sq.  In. 


51,375 
62,250 
57,125 


Tensile  Strength. 
Lbs.  per  Sq.  In. 


84,350 

87,800 

107,050 


Elongation     '    Contraction 
on  3  Inches.    |       of  Area. 
Per  Cent.      I     Per  Cent. 


20;i8 
2216 
19-28 


41-93 
48  32 
45-52 


The  estimated  total  time  for  the  manufacture  of  each  gun  is  given  as 
527  days,  and  the  plant  is  designed  to  make  three  guns  yearly. 

P.  M.  Staunton  ^  deals  at  considerable  length  with  the  forms  of  caps 
that  have  been  applied  to,  the  noses  of  projectiles,  and  proposes  some 
new  forms.     The  action  of  the  cap  is  discussed  in  detail. 

The  various  types  of  French  quick-firing  guns,  naval  and  field,  are 
described  in  detail  by  G.  Canet,t  Honorary  Member  of  the  Irpn  and 
Steel  Institute. 

The  Hardware  Industry  in  Austria.— M.  Zeitlinger,t  in  dis- 
cussing the  hardware  exhibits  at  the  late  Paris  Exhibition,  also 
considers  the  question  of  the  development  of  the  hardware  industry 
of  Austria.  At  present  this  is  at  a  somewhat  low  ebb  and  quite 
undeveloped.  The  author  thinks  that  protective  duties  and  other 
Government  facilities  ought  to  be  adopted  in  order  to  further  the 
progress  of  the  industry. 


The  Policy  of  Scrapping  Costly  Machinery.— H.  F.  J.  Porter  § 

deals  with  the  economic  aspect  of  the  question  of  keeping  machine 

♦  EngineeHng,  voL  Ixxi.  pp.  336-339,  388. 

t  Mimoires  de  la  SocUU  des  Ing6nieurs  Civile,  1900,  p.  287. 

X  Oesterreichitche  Zeitschrift  fur  Berg-  und  HiiUenweseny  vol.  xlix.  pp.  47-52. 

§  Engineering  Magazine,  vol.  xx.  pp.  741-752. 
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pUnU  up  to  date*  The  aathor  coiiciden  thai  midbificrr,  erec  if  doi&- 
paratively  new,  mtut  be  sacrificed  vitbool  acropk  mnd  ecna^x^t^i  v> 
tlie  scrap  heap  aa  soon  aa  it  is  pOMible  to  re^ijaee  it  villi  a  ic:»re 
efficient  tool.  It  is  only  hy  rigoroosly  adhering  to  this  polirr  tin: 
manufacturers  in  these  dajs  can  hope  to  maintain  their  position  ic 
the  ranks  of  industrial  progress. 
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The  Crystallography  of  Iron. — In  continuation  of  a  former 
paper,  in  which  the  forms  of  crystalline  masses  of  iron  accidentally 
produced  were  described,  F.  Osmond*  and  G.  Cartaud  describe  in 
great  detail  the  nature  of  the  crystals  formed  in  the  reduction  of  the 
metal  from  ferrous  chloride  by  gaseous  reagents  at  varying  tempera- 
tures, corresponding  to  those  necessary  for  the  production  of  the 
different  allotropic  modifications  of  the  metal. 

The  Coefficient  of  Expansion  of  Iron.— L.  Holborn  t  and  A.  L. 

Day  have  determined  the  expansion  of  different  metals  at  high  tempe- 
ratures by  observing  the  change  of  length  in  a  bar  half  a  metre  in 
length  heated  in  an  electric  coil  furnace.  For  a  wrought  iron  bar  the 
curve  of  expansion  is  a  parabola  up  to  500**  C,  after  which  expansion 
increases  less  rapidly.  With  high  carbon  steel  the  expansion  is  more 
irregular.  The  results  of  the  experiments  and  equations  embodying 
the  results  are  given. 

The  Microstructure  of  Iron.  —  J.  A.  Ewing  |  deals  generally 
with  the  structure  of  metals,  showing  that  they  have  a  crystalline 
formation  and  illustrating  the  orientation  of  the  crystals.  During 
strain  the  polished  section  shows  that  the  metal  yields  by  the 
slipping  of  the  crystals  over  one  another,  but  it  always  preserves  the 
same  crystalline  structure.  Even  moderate  heat,  however,  changes 
this  structure  and  annealing  has  very  marked  effects.  While  annealing 
is  in  progress  some  of  the  crystals  seem  to  invade  their  neighbours  and 
to  absorb  them. 

*  Annates  dea  Mines^  vol.  xviii.  pp.  113-163.  See  Journal  of  the  Iron  and  Steel 
Institute,  1900,  No.  II.,  p.  540. 

t  American  Journal  of  Science,  vol.  xi  pp.  374-390 ;  Annalen  der  Physik^  1901,  p. 
104  ;  StaM  und  Eisen,  vol.  xxi.  p.  198. 

X  Engineering,  vol.  Ixxi,  pp.  82-83, 
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F.  Osmoud  *  gives  a  note,  with  illustrative  micrographs,  of  some 
instances  of  superficial  hardening  produced  by  the  rapid  escape  of  ^ 
through  a  small  hole.  The  surface  metal  becomes  highly  heated  and 
then  is  rapidly  cooled  by  conduction.  Nearer  the  extreme  surface  the 
carbon  is  diffused  more  and  more  but  without  reaching  homogeneous 
distribution,  since  the  original  ferrite  is  still  indicated  by  the  presence 
of  soft  martensite 

H.  Le  Chatelier  t  gives  some  notes  on  the  technology  of  microscopic 
metallography  with  special  reference  to  the  polishing,  etching,  micro- 
scopic examination,  and  preparation  of  alloys.  Small  samples  are  cut 
with  a  hack-saw  which  is  used  so  as  to  make  the  cut  curved  at 
the  bottom.  Polishing  powders  are  washed  with  dilate  nitric  acid 
previous  to  separation  into  various  grades  of  fineness  by  levigation 
and  decantation  in  an  ammoniacal  solution.  Alumina,  flour  emery, 
chromium  oxide,  and  oxide  of  iron  are  used,  but  alumina  is  pre- 
ferred. The  abrading  material  is  made  into  a  paste  with  soap. 
Etching  is  best  done  in  a  neutral  solution  under  the  influence  of  an 
electric  current,  and  the  sample  may  be  varnished  with  gun-cotton 
in  amyl  acetate.  A  special  type  of  horizontal  microscope  is  used 
with  refracting  prisms  and  the  object  piece  vertical,  and  a  mercury 
arc  lamp  is  used  as  an  illuminant  to  obtain  a  nearly  monochromatic 
light. 

H.  J.  Hannover  |  casts  soft  alloys  on  a  surface  of  mica  instead  of 
glass  with  good  results. 

J.  C.  W.  Humfrey§  gives  some  interesting  micro-photographs  of 
etched  sections  of  iron  produced  by  thermite  as  described  by  K  F. 
Lange.||  The  surface  is  pitted  with  a  geometrical  pattern  showing 
that  the  iron  is  built  up  of  cubes.  In  some  cases  the  cubes  have  a 
stepped  form. 

J.  O.  Arnold  U  criticises  the  report  of  the  Board  of  Trade  Committee 
on  steel  rails,  and  gives  micro-photographs  of  sections  cut  from  the  head, 
foot,  and  fiango  of  the  St.  Neots  broken  rail,  in  different  planes  at 
different  points.     In  his  opinion  this  rail  was  rolled  at  a  high  initial 

*  The  Metal! (xjniphist,  vol.  iv.  pp.  23-29. 

t  Ibid.,  vol.  iv.  pp.  1-22. 

X  Ibid,,  vol.  iv.  pp.  29-30;  Bulletin  dc  la  SociiU  d Encouragcmtnl,  1900,  pp. 
210-211. 

§  EiKjincrring,  vol.  Ixxi.  p.  300. 

II  Journal  of  the  Iron  and  Steel  Institute,  1900,  No.  II.  p.  191. 

^  Lecture  delivered  before  the  Sheffield  Society  of  Engineers  and  Metallurgists; 
Iron  and  Coal  Tradcx  Reiieic,  vol.  Ixii.  pp.  765-767 ;  Jronmqng^^  voL  xciv.  p.  611 ; 
Mining  JournaXy  vol.  Ixxi.  p.  421. 
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temperature  and  was  cooled  very  slowly.     The  effect  of  the  sulphides 
is  discussed. 

J.  A.  Aupperle  *  gives  some  micro-photographs  of  steel  taken  from 
a  circular  saw  broken  in  use  and  containing — 


c. 

Mn. 

Si. 

S. 

P. 

100 

0-53 

014 

0019 

0011 

The  constituents  are  considered  to  be  correct  except  that  the 
manganese  was  double  what  it  should  be,  and  probably  the  steel  was 
poured  when  wild,  as  it  shows  a  honeycombed  structure. 

Magnetic  Properties  of  Iron  and  Steel.— K  L.  Willis  t  has 
investigated  the  effect  of  temperature  on  the  magnetic  properties  of 
iron  and  its  alloys,  and  gives  a  number  of  curves  to  show  the  relation- 
ship of  magnetising  force,  permeability,  and  temperature. 

H.  Kamps  |  shows  that  the  layer  of  oxide  on  iron  affects  the  results 
of  tests  of  the  magnetic  properties.  The  margins  of  annealed  sheets 
are  magnetically  inferior  to  the  centre  on  account  of  the  oxide,  though 
hysteresis  tests  apparently  show  opposite  results. 

G.  J.  Wells  §  gives  a  brief  account  of  some  of  the  methods  used  to 
determine  the  magnetic  qualities  of  iron.  There  are  four  experimental 
methods  which  had  been  adopted  for  testing  the  permeability  of  iron. 
These  are  the  magnetometric,  balance,  induction,  and  traction  methods. 
The  first  two  are  of  little  practical  importance.  All  the  inductive 
methods  depend  upon  the  production  of  a  momentary  current  in  an 
exploring  coil  which  surrounded  the  sample  of  iron  to  be  tested,  the 
magnetising  force  being  produced  by  another  coil  having  a  known 
number  of  turns  in  which  a  known  current  is  flowing.  Amongst 
the  various  inductive  methods  are  the  ring  method,  which  has  been 
used  by  Stole  ton,  Rowland,  Bosanquet,  Ewing,  and  Hopkinson,  and  a 
variation  on  this  system  devised  by  Evershed  and  Vignoles ;  the  bar 
method,  which  had  been  used  by  Rowland,  Bosanquet,  and  Ewing ;  and 
the  divided  bar  method,  introduced  by  Hopkinson,  the  results  obtained 
from  which  have  been  used  very  largely  by  electrical  engineers. 
Dealing  with  traction  methods,  the  author  describes  the  devices 
introduced  by  Shelford  Bidwell,  and  Silvanus  Thompson,  and  the 
Ayrton  and  Mather  apparatus,  whereby  both  the  permeability  and 

•  Engineering  NewSy  vol.  xlr.  p.  162. 

t  Philogophical  Magazine ^  vol.  1.  pp.  1-37. 

X  Elektrotechnische  Zcittchrift,  January  24  ;  Engineering,  vol.  Ixxi.  p.  450. 

§  Paper  read  before  the  Alanchester  Associution  of  Eugineers,  November  1900. 

1901.— i.  2  I 
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hysteresis  can  be  determined  in  a  few  minutes.  A  detailed  account 
is  also  given  of  the  permeability  bridge,  introduced  by  Bwing,  for 
obtaining  the  magnetisation  curve  without  the  use  of  a  ballistic 
galvanometer.     Swing's  hysteresis  tester  is  also  described. 

J.  W.  Esterline  *  and  R.  B.  Treat  gave  the  results  of  a  large  number 
of  tests  of  the  magnetic  properties  of  American  cast  iron  and  steel, 
wrought  iron,  and  sheet  iron  and  steel  used  for  electrical  purpose 
Over  a  hundred  samples  were  tested,  and  the  curves  of  B  are  given 
for  values  of  magnetic  intensity  H  up  to  150,  but  the  sheet  metal  was 
further  tested  up  to  values  of  450,  and  the  results  are  given  in  tabular 
form. 

C.  Barust  has  investigated  torsional  magneto-striction  in  strong 
transverse  fields  and  allied  phenomena.  The  effect  of  longitudinal 
magnetisation  is  an  increment  of  rigidity  in  all  paramagnetic  matenals, 
whereas  the  permanent  effect  of  a  transverse  or  circular  field  is  rela- 
tively inappreciable  as  far  as  rigidity  is  concerned.  This  conclusion  is 
at  variance  with  much  of  the  earlier  work  on  the  subject,  references 
to  which  are  given.  In  a  further  paper  J  the  author  discusses  ap- 
parent hysteresis  in  torsional  magneto-striction  and  its  relation  to 
viscosity. 

J.  Trowbridge  §  and  K  P.  Adams  have  experimented  upon  circular 
magnetisation  and  magnetic  permeability.  The  permeability  increases 
with  full  strength  in  spite  of  increase  of  frequency,  but  less  rapidly 
than  with  steady  currents. 

P.  IIolitscher||  has  studied  the  remanent  magnetism  with  special 
reference  to  the  duration  of  magnetisation  and  to  the  number  of  mag- 
netic impulses  Jipplied.  The  remanent  magnetic  moment  is  dependent 
on  the  time  during  which  the  force  is  applied,  and  successive  impulses 
in  the  same  direction  increase  the  remanent  magnetism  up  to  a  certain 
limit. 

P.  E.  ShawU  and  S.  C.  Laws  give  a  short  resume  of  the  present 
state  of  knowledge  concerning  the  expansion  and  contraction  of  iron 
and  nickel  when  magnetised  and  demagnetised,  and  then  describe  their 
own  researches  on  the  matter.  Instead  of  using  a  ray  of  light  as  a  lever 
to  measure  the  change  of  length  of  the  specimen,  they  employ  a  series 

*   EUcln'cal  World,  through  the  Elrctrician,  vol.  xlvi.  pp.  438-439. 

t  Amrrinin  Jnwixif  o/Srifnc'-,  vol.  x.  pp.  407-418. 

:  Jhid,  yo].  xi.  pp.  ;)7-110. 

i}  If.id,  vol.  xi.  pp.  17:)-184. 

;,  Annahn  d<r  Phjjgik.  1000,  No.  12. 

^i   Electrician,  vol.  xlvi.  pp.  649-iJ51,  738-740. 
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of  levers,  which  are  set  up  by  a  micrometer  screw  until  they  close  a 
telephone  circuit,  and  thus  are  enabled  to  attain  great  precision. 

Z.  Crook*  describes  a  yoke  with  intercepted  magnetic  circuit  for 
measuring  hysteresis. 

A  paper  by  Madame  Sklodovska-Curie  t  on  the  influence  of  the 
chemical  composition  on  the  magnetic  properties  of  hardened  steel, 
and  on  the  influence  of  hardening,  tempering,  percussion,  and  time, 
is  given  at  length.  | 

G.  £elloc§  discusses  the  thermo-electrical  behaviour  of  soft  iron 
containing  but  traces  of  carbon,  steel  with  0*3  per  cent,  of  carbon, 
and  hard  steel  with  1*25  per  cent,  of  carbon.     He  finds  for  pure  or 

-rp-  n  « 0  as  representing  the  thermo- 
electric power  for  steel-platinum  couples.  The  experiments  were 
carried  out  at  temperatures  varying  from  15°  to  1200°  C,  an  electric 
furnace  being  employed.     The  critical  points  observed  were — 


Iron     . 
Soft  steel    . 
Hard  steel  . 


Ai. 


Degrees. 

Not  observable 

700 

660 


A3. 


Degrees. 
870 
780 
660 


In  soft  steel,  therefore,  Aj  and  A3  were  identical,  and  so,  too,  in 
hard  steel  were  A^  A2,  and  A3.  The  author  tabulates  the  results  of 
his  experiments,  and  shows  how  these  varied  with  the  temperature. 
The  curves  each  show  a  maximum  between  two  minima.  The  first 
of  these  latter  occurs  for  all  three  samples  at  470°,  and  they  are  ap- 
proximately alike.  The  maximum  for  the  soft  iron  was  at  860°,  that 
for  the  mild  steel  at  770°,  and  that  for  the  hard  steel  at  650°.  These 
closely  approach,  it  will  be  seen,  the  respective  critical  points.  Once 
these  maxima  were  passed  a  diminution  took  place  towards  the  second 
of  the  minima.  This  was  at  940°  for  soft  iron,  900°  for  mild  steel, 
and  800°  for  hard  steel.  After  these  were  passed  a  rapid  rise  again 
took  place  in  each  metal.     For  E  in  the  formula  given,  lower  values 


•  American  Journal  of  SciencCy  voL  xi.  pp.  365-368. 
t  Bulletin  d€  la  Social  iV Encouragement^  1808,  pp.  36-76. 
X  Stahl  und  Eiscn,  vol.  xxi.  pp.  15(>-163. 

§  Comptes  Betuius  dc  VAcadimie  des  Sciences,  vol.  cxxxi.  p.  336;  Stahl  und  Eiscn^ 
vol.  XX.  p.  1128. 
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were  attained  on  cooling  than  when  heating,  especially  at  the  higher 
temperatures. 

Hardness  of  Iron. — For  testing  the  hardness  of  metals,  especially 
of  iron,  W.  J.  Keep^  uses  an  inverted  drilling-machine,  with  the 
specimen  practically  balanced  on  the  drill  point  and  weighted  to  a 
constant  quantity  of  150  lbs.  A  straight  fluted  drill  is  used  in  pre- 
ference to  a  twisted  drill,  and  it  is  run  at  200  revolutions  per  minute, 
but  variation  in  speed  does  not  affect  the  results  as  long  as  the  drill 
does  not  heat  or  become  too  blunt  An  automatic  record  is  obtained 
by  the  descent  of  the  drill  moving  a  pencil  over  a  sheet  of  paper  which 
is  traversed  by  gearing  from  the  drill  spindle.  The  angle  between 
the  lines  made  by  the  pencil  when  moving  and  when  stationary 
gives  a  measure  of  the  hardness.  Under  ordinary  circumstances  the 
angle  does  not  vary  more  than  about  a  couple  of  degrees  in  repeated 
tests,  but  it  is  very  essential  that  the  surface  tested  should  be  free 
from  grit^  and  even  that  the  hard  skin  should  be  drilled  through  or 
removed  before  the  test  begins.  By  attaching  a  tray  under  the  drill 
the  drillings  may  be  collected  for  analysis.  The  author  then  gives  a 
number  of  tests  made  in  his  usual  style,  with  a  varied  assortment  of 
specimens  to  show  the  effect  of  the  different  elements,  and  also  refers 
to  the  shrinkage  and  chilL  Increased  silicon  softens  the  metal,  while 
combined  carbon  hardens  it.     The  test  can  be  made  very  rapidly. 

J.  A.  Brinell  t  describes  his  experiments  carried  on  for  establishing 
the  relative  degree  of  hardness  of  materials.  The  specimens  are  sub- 
jected to  the  pressure  of  a  heavy  weight,  a  spherical  steel  ball  of  small 
diameter  being  interposed  between  the  weight  and  the  surface  of  the 
material.  The  diameter  of  the  impression  left  on  the  surface  forms  a 
tolerably  exact  indication  of  the  degree  of  hardness  possessed  by  the 
objects  thus  tested.  Tables  appear  showing  the  relative  hardness  of 
many  metals  ascertained  by  this  method.  It  is  asserted  that  by  this 
means  the  carbon  contents  in  steel  samples  can  be  accurately  gauged, 
and  the  variations  in  the  degree  of  hardness  of  steel,  caused  by  suc- 
cessive heating  and  cooling,  can  be  noted.  It  also  affords  a  useful 
means  of  testing  the  uniformity  of  hardened  steel  productions. 

Stribeck  J  has  carried  out  a  number  of  tests  to  determine  the  per- 

*  Paper  read  before  the  Americau  Society  of  Mechnnicol  Engineers ;  Iron  Agt, 
Deceiiihcr  13,  IIKK),  pp.  16-19. 

t  Ttkiiivk  Tklskriftj  vol.  xxx.  pj).  C9-87 ;  with  illustrations.  See  paper  by 
A.  Wahlberg  in  this  vohirne. 

X  E)ujincej'inff,  vol.  Ixxi.  pp.  403-468. 


PHYSICAL  PROPERTIES. 


497 


missible  pressure  on  ball  bearings,  and  these  give  much  information  aa 
to  the  strength  of  steel  balls  and  of  the  surfaces  on  which  they  bear. 
They  may  be  of  interest  in  connection  with  the  researches  of  Brinell, 
described  in  Wahlberg's  paper  in  this  volume. 

Annealing  Steel. — A.  Campion  *  gives  the  results  of  further  t  ex- 
periments on  the  methods  of  annealing  steel.  Analyses  of  the  steels 
treated  show — 
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These  different  steels  were  heated  and  cooled  in  various  ways ;  bending 
and  tensile  tests  were  made,  and  the  microstructure  is  described,  and 
further  experiments  are  promised.  The  value  of  the  results  in  giving 
data  for  the  performance  of  practical  operations  was  pointed  out  in  the 
discussion. 

H.  Fay  |  and  S.  Badlam  describe  their  experiments  on  the  effect  of 
annealing  on  the  physical  properties  and  the  microstructure  of  a  low 
carbon  steel  containing — 
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An  electric  resistance  furnace,  described  below  by  C.  L.  Norton,  was 
used  for  heating  the  samples,  and  the  temperature  was  determined  by 
a  thermo-couple.  The  samples  were  allowed  to  cool  slowly  in  the 
furnace.  Tensile  tests  showed  that  the  ultimate  strength  was  fairly 
constant  in  bars  heated  below  850°  C. ;  at  890°  C.  there  was  a  sudden 
rise,  and  another  maximum  occurs  at  1125°  C,  after  which  there  was 
a  decided  fall.  The  curve  of  the  elastic  limit  follows  somewhat  similar 
lines.  The  microscopic  investigation  does  not  show  much  owing  to  the 
very  low  percentage  of  carbon.  Generally  the  results  are  akin  to 
those  obtained  by  Roberts-Austen  with  electrolytic  iron. 

♦  Journal  of  the  West  of  Scotland  Iron  and  Steel  Institute,  vol.  viii.  pp.  23-43,  83-92. 
t  Journal  of  the  Iron  and  Steel  Institute,  1900,  No.  L  p.  408. 
j  The  Metalloffraphist,  vol.  iv.  pp.  31-53. 
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G.  W.  Sargent  ♦  deals  with  the  effect  of  heat  treatment  on  crucible 
steel  rods  075  inch  in  diameter  having  the  following  composition  :— 

C.  Mn.  Si.  P.  S. 

1033  0-327  0-223  0-020  0-016 

Micro-pli olographs  are  given  to  show  the  effect  of  heating  to  various 
temperatures,  and  also  the  results  of  tensile  tests.  As  the  temperature 
increases  from  the  critical  point  680'  C,  there  is  a  decided  loss  in 
elongation  and  reduction  of  area.  Reheating  to  680°  restores,  as  a  rule, 
the  properties  of  the  steel  heated  to  1000**  C.  The  results  are  com- 
pared  with  some  obtained  by  Morse  with  0  35  carbon  steeL 

C.  L.  Norton!  describes  some  electric  furnaces  for  laboratory  use 
when  steady  and  long-continued  high  temperatures  are  desired.  In 
one  form  a  clay  pot  is  coated  with  magnesia  and  wound  with  a  resist- 
ance coil  of  crinkled  platinum  wire,  or  with  nickel  wire  if  lower  tem- 
peratures only  are  required.  Another  layer  of  magnesia  is  laid  over 
the  wire,  and  the  whole  is  packed  in  a  non-conducting  composition. 
For  still  higher  temperatures  a  clay  muffle  or  a  hollow  carbon  cylinder 
is  surrounded  with  coke  powder  in  which  a  pair  of  carbon  poles  are 
laid.  By  regulating  the  current  passing  through  the  wire  or  into  the 
poles  the  temperature  may  be  varied  to  any  extent,  and  may  be  kept 
stationary.  Several  researches  on  the  heat  treatment  of  steel  were 
made  with  these  furnaces. 

The  Effect  of  Overstrain. — J.  Muir  J  has  continued  §  his  experi- 
ments on  the  effects  produced  on  iron  and  steel  by  overstrain,  and 
now  deals  with  the  tempering  of  iron  thus  hardened.  If  it  is  heated 
to  any  temperature  above  300**  C,  it  may  be  partially  softened  in  a 
manner  analogous  to  the  ordinary  tempering  of  steel,  which  is  hardened 
by  quenching  from  a  red  heat,  and  this  applies  to  wrought  iron  as 
well  as  to  steel,  and  possibly  to  other  materials.  A  number  of  curves 
are  given  to  show  the  effect  both  on  the  steel  as  received  and  also 
after  it  has  been  annealed  at  various  temperatures.  It  is  shown  that 
the  same  temperature  brought  the  yield  point  to  approximately  the 
same  stress,  no  matter  what  might  be  the  original  hardness  of  the 
specimen   under   test,  and   that   the  harder   the  material   was  made 

*  Trann'fctt'ons  of  the  American  IitxtituU  nf  Mhiifui  Engineers^  Richmond  Meeting, 
February  1001. 

t  Electrical  World  and  Engineer^  through  the  Iron  Age^  January  3,  1901,  pp.  22-23. 

t  Proceedings  of  the  Royal  Society^  vol.  Ixvii,  pp.  461-466,  through  Engineering, 
vol.  Ixxi.  pp.  126-127. 

§  Journal  of  the  Iron  and  Steel  Imtitute,  1899,  No.  I.  p.  434. 
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by  the  tensile  overstrain — that  is,   the   higher  the  yield  poiut  was 
nii&eii  by  permanent  stretching — the  lower  waa  the  temperatiire  which 
cfKihi  bo  sbown  to  produce  a  dight  temjiering  effect.     Time  also  pro- 
duces an  effectj  but  the  result  is  artiall  compared  with  that  produced 
^-  by  increase  of  temperature.     All  these  results  were  also  obtained  with 
^K  Lowmoor  iron,  and  only  differed  ia  detail     Microsections  of  all  the 
^fcamples  were  examined,  and  in  the  course  of  this  work  a  new  method 
^Ref  fitaining  the  sections  with  moistened  cocoa  was  made  use  of,  and  this 
is  described. 

The  iiiAuence  of  time  on  the  mechanical  properties  of  iron  and  steel 
at  the  ordinary  temperature  has  been  studied  by  A,  Le  Ohatelier,* 

Testing  Maclimes. — W,  K.  Hatt  t  and  W.  P,  Turner  describe  the 
new  impact  testing  machirieat  the  Purdue  University  for  testing  speci- 
mens under  tension  or  compression,  the  stress  being  applied  by  a  falling 
weight.  The  tup  weighs  61 5i  lbs.,  and  it  falls  between  a  pair  of 
columns  about  12  feet  high  fixed  on  a  base  weighing  50 QO  lbs,  A 
friction  belt  hoist  and  an  automatic  adjustable  releasing  gear  are  pro- 
vided. The  specimen  is  held  between  a  pair  of  yokes,  of  which  the 
upper  one  is  fixed  and  the  lower  one  is  placed  so  that  it  is  struck  by 
the  weight.  Provision  is  also  made  for  placing  the  specimen  so  that 
compressive  or  transverse  stocks  may  be  appUe<l,  An  antomatic 
recorder  consists  of  a  drum  on  which  a  curve  is  traced  by  a  pencil 
attached  to  the  tup ;  the  drum  is  driven  by  a  falling  weight,  and  a 
tuning-fork  arrangement  traces  a  curve  on  it  to  record  its  speed. 
Careful  tests  have  been  made  to  investigate  the  energy  absorbed  by  the 
various  parts^  and  fully  95  per  cent,  are  found  to  be  taken  up  by  the 
specimen.  The  apparatus  will  rupture  a  Jdnch  diameter  bar  of  mild 
steel,  8  inches  long,  with  a  single  blow.  At  present  an  investigation  is 
b*^ing  ma<le  on  the  effect  of  temperatures  from  1 00""  F.  to  400*  F,  on  the 
resilience  of  metals.     Specimens  of  these  tests  are  given  in  tabular  form, 

S.  B,  liuasell  |  gives  the  results  of  tension  impact  tests  made  with  a 
pendulum  machine,  and  also  the  ordmary  tensile  tests  for  comparison 
in  the  case  of  different  melts  of  Bessemer  steel  and  of  different  kinds 
of  wrought  iron  and  steel.  For  a  certain  number  of  specimens,  the 
resilience  found  by  the  diagrams  taken  on  an  ordinary  testing  machine 

*  ''  Com  in  ti  nidation  i    pr^Bontt^e«  dov&nt  le    Congr^i   Intortiiitimiiil    d^v  M^tbrnlei 
d'Eimi,"  IJTOl*  vol.  ii  Part  L,  pp,  IS-SS- 
+  Ihid.,  vnL  L  pp.  5r>7-521. 
X  Efifjinccfiiiff  Newtt  vol  si  v.  pp.  14-16, 
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is  compared  with  the  resilience  found  by  the  impact  testa  The 
resilience  is  nearly  always  greater  under  impact  than  under  gradual 
load,  the  gain  showing  an  average  value  of  28'4  per  cent.  The  form 
of  the  test  piece  with  nicks  and  with  longer  reduced  sections  is 
discussed,  and  also  the  losses  due  to  the  heat  arising  from  the  impact. 

W.  K  Hatt,*  commenting  on  these  tests,  thinks  that  the  impact 
test  must  stand  on  its  own  merits,  and  that  the  results  are  not  compar- 
able witli  tensile  tests.  Some  of  the  advance  results  obtained  from  the 
Purdue  machine  are  also  given. 

An  improved  form  of  the  recorder  for  testing  machines  designed  by 
G.  0.  Henning  is  illustrated  and  described.t  A  flat  frame  for  the 
paper  is  now  used  instead  of  a  cylinder,  and  a  wider  range  is  given  to 
the  machine  by  the  arrangement  of  the  multiplying  levers,  which  are 
made  adjustable,  so  as  to  give  any  desired  scale. 

C.  Fremont  I  gives  a  long  and  interesting  history  of  testing,  with 
numerous  extracts  from  the  works  of  early  authorities,  illustrations  of 
machines,  and  portraits  of  the  originators  of  testing  methods. 

Testing  Tool  SteeL — Sergius  Eern§  points  out,  that  while  many 
elaborate  rules  exist  for  testing  structural  steel,  yet  none,  except  a  few 
empirical  tests,  are  applied  to  ascertain  the  qualities  of  tool  steel. 
Rules  for  this  purpose  might  be  developed  by  carrying  out  tests  for  a 
certain  tensile  strength  and  elongation  at  the  same  time  that  the  steel 
undergoes  the  hardening  and  forging  tests.  These  would  better  reveal 
the  properties,  and  prevent  the  passing  off  of  hard  open-hearth  steel  as 
crucible  steel,  which  happens  more  generally  than  is  supposed.  To 
indicate  how  definite  rules  might  be  established  the  author  made  some 
comparative  tests  with  steel  made  by  both  processes,  which  gave  the 
followin*'  results  : — 


Carbon. 
Per  CVnt. 

Tensile  Stren 

gth. 
ill. 

£loii(;ation  in 
2  inches. 

Reduction  of    i 
Are.1.           ' 

Tous  i>er  sq. 

Per  Cent. 

1 
Per  Ont. 

Crucible    .     . 

OVA) 

45 

12 

30 

^, 

'         0-80 

58 

6 

14 

•  J 

OtK) 

1)2 

5 

I '2 

Optn-lioaitli 

OtU) 

42 

15 

50 

0-80 

oO 

12 

28              i 

>' 

1         0-90 

55 

10 

23 

•  Engineering  j\>ir*,  pp.  82-8^3.  t  Tbid.f  toI.  xlv.  p.  176. 

^  "  ConiinunicatioDa    present6s    devant    le    Congrds    International    dea    M^tbodei 
d'Esiai,"  vol.  i.,  pp.  351-454. 
§  Chemical  Sewt,  vol.  Ixxxiii.  p.  181. 
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Besides  carbon  the  crucible  stet^l  contained  : — ^Manganese,  0*25  per 
cent.;  silicon,  0*16  percent,;  stilphur  and  phosphorus,  0 '03  percent. 
The  open-]iearth  steel  contained  :■ — Manganese,  0"42  per  cent. ;  silicon, 
0*08  per  cent. ;  Bulphur,  0  01  per  cent ;  phosphorus,  004  per  cent. 
Generally  speaking,  hard  open-hearth  steel  has  less  tensile  strength 
than  cnicible  steel  of  the  samd  carbon  contenta^  ftnd  shows  a 
marked  ten<lency  to  temper  badly  after  hardening.  It  will  always  be 
found  that  the  cutting  edge  of  tools  made  of  such  steel  is  liaWe  to 
em  ruble,  a  defect  attributable  to  the  higli  percentages  of  manganese 
which  are  always  fonnd  in  steels  made  by  the  open-hearth  process, 

C,  Fremont  *  describes  liis  method  of  testing  iron  and  steel  by  bend* 
ing  small  bars  of  square  section* 

Russian  Specifications  for  Steel  Castiags^— The  new  specifica- 
tions t  for  steel  castings  and  forgings  for  mechanical  purposes  issued  hy 
the  Technical  Committee  of  the  Naval  Ministry  are  as  follows*. — Test 
Epecimeus  from  steel  castings  must  have  an  ultimate  strength  of  not 
less  than  28  tons^  and  not  more  than  37  tonsj  per  square  inch.  The 
elongation  in  a  length  of  2  inches  must  be :  (a)  for  steam  pistons, 
liigh-pressnre  steam  pipei;,  and  for  thin  castings  in  general,  not  leas 
than  12  per  cent ;  (A)  for  all  other  castings,  not  less  than  15  per  cent 
The  specimens  for  bending  tests  must  have  a  cross  section  1  inch 
square,  with  a  length  of  not  less  tlian  12  inches.  Such  spechnens 
must  be  capable  of  being  bent  across  a  bar  of  not  jnore  than  3|  inches 
in  diameter,  to  an  angle  of  not  less  than  45  degrees,  in  the  case  of 
articles  enumerated  in  section  {«.),  and  to  an  angle  equal  to  230  -  (0  K 
ultimate  strength  in  tons)  for  those  lucluiled  under  section  (6), 

In  making  large  castings  and  also  all  important  castings,  the  test- 
pieces  are  to  be  c^ist  on  the  body  of  the  casting  itself,  and  annealed 
together  with  the  latter  before  separating  them.  In  no  case  are  the 
test-pieces  to  be  cut  off  and  annealed  separately.  For  small  castings 
of  similar  sliape,  of  not  more  than  half  a  hundredweight  in  size,  which 
are  cast  in  groups,  a  test  ingot  may  be  cast  separately. 

The  inspector  may,  if  he  thinks  fit,  take  2  per  cent  of  such  small 
castings  for  making  dillVrent  tests,  such  as  breaking,  crushing,  &c. 

After  passing  all  required  tests,  the  steel  castings  are  dropped  from 
a  height  of  12  feet  on  to  a  concrete  pavement,  but  the  covering  of 
thin  parts  and  projections  with  a  wood  casing  is  permitted. 

•  MevfH^  dc  Mitianiqt^e,  lOOO,  pp»  421-458. 

t  CeJinmiiDiCAtaii  by  Mr.  Sflrgim  Kem  of  B^<  Patflrshnrff* 
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All  forgings  are  required  to  be  made  oat  of  well  cast  ingots,  from 
which,  previous  to  forging,  not  less  than  30  per  cent,  of  the  total 
weight  of  the  ingot  must  be  cut  off  from  the  head,  and  from  the 
lower  end  not  less  than  3  per  cent  of  the  original  weight. 

In  the  finished  forging  the  area  of  the  transverse  section  at  the 
thickest  part  of  the  major  length  of  the  body  must  not  exceed  the 
sixth  part  of  the  original  sectional  area  of  the  ingot. 

Tests  of  Cast  Iron. — A  recently  issued  progress  report  has  ap- 
peared *  from  the  committee  of  the  American  Foundrymen's  Associa- 
tion on  the  standardising  of  the  testing  of  cast  iron.  The  tests  include : 
(1)  Car-wheel  iron ;  (2)  stove-plate  iron ;  (3)  heavy  machinery  iron. 
Analyses  are  as  follows  : — 


I. 

II. 

III. 

Per  Cent 

Per  Cent. 

Per  Cent. 

Total  carbon       .... 

417 

8-41 

3*32 

Graphite 

343 

3*08 

2-99 

Silicon 

0-97 

319 

1-96 

Manganese 

0-40 

0-38 

0-48 

riiosphorus         .... 

0301 

116 

0-522 

Sulphur 

006 

0*084 

0-081 

1 

Transverse  and  tensile  tests  of  various  sizes  of  bars  cast  iu  green  and 
in  dry  sand,  machined  and  not  machined,  are  given  in  tabular  form. 

A  cousiderable  amount  of  discussion  has  followed  Kreuzpointner's 
paper  entitled  **  Riddles  Wrought  in  Iron  and  Steel."  f  It  turns 
mainly  on  the  questions  affecting  the  strength  of  cast  iron  as  deter- 
mined by  its  composition  and  treatment,  and  on  the  problem  of  pro- 
ducing definite  mixtures  from  various  kinds  of  stock.  Amongst  the 
contributors  are  H.  M.  Howe,  A.  E.  Outerbridge,  W.  R.  Webster,  and 
A.  W.  Whitney. 


Testing  Enamelled  Ware. — C.  N.  Hooper  J  gives  some  general 
notes  on  the  testing  of  enamelled  ware.  Peeling  or  chipping  is  tested 
by  boiling  water  iu  the  vessel,  and  then  suddenly  cooling  it  by 
plunging  into  cold  water.  Crazing  or  cracking  is  looked  for  under 
a  microscope.     The  presence  of  alkalies  and   resistance   to   acids  is 

*  Journal  of  the  American  Foundry/men* s  Association^  vol.  ix.  pp.  80-94. 
t  Journal  of  the  Franklin  Institute,  vol.  cl.  pp.  329,  460. 
X  Iron  Age,  March  21,  1901,  pp.  6-7. 
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tested  by  boilitig  a  10  per  ceirt.  solution  of  acetic  acid  in  tbe  ware. 
Lead  is  bested  for  with  ammoiiiiiDi  sulphide  after  the  fiurface  has  been 
removed  by  strong  acid.     CompleteTiess  of  cover  is  debenniiied  by 
Lffoaking  in  a  strotig  solution  of  sulphate  of  copper  for  some  hours. 

Armour  Tests. — Particulars  are  given*  of  a  teat  of  armour-plate 
from  tbe  Opeiisluiw  works  tested  at  Whale  lelaud  on  February  7, 
1901.  The  plate  is  8  by  6  feet  and  6  inches  in  thickness.  It  was 
submitted  to  five  shots,  HoU^er  6-1  nch  projectiles  weighing  about 
100  lbs.  each  being  used,  and  the  striking  velocities  ranged  from  1974 
to  2016  foot-seconds,  and  striking  energy  2717  to  2818  faottons.  In 
all  cases  the  shot  was  broken  up,  and  uo  really  important  fracture  waa 
made  even  by  the  last  central  shot. 

Tests  of  Ordnance. — The  recently  published  report  of  the  Water- 
town  Arst-nitl  on  tlje  tests  conducted  there  covers  000  pages,  and 
contains  the  usual  and  voluminous  reports  on  the  very  numerous  tests 
made.  The  metal  for  the  tubes  and  jai^kets  of  large  guns  1ms  an 
elastic  limit  of  45,000  to  55,000  lbs.,  and  a  tensile  strength  of  85,000 
to  95,000  Iba,  wfth  an  elongation  of  20  per  cent,  and  a  contraction  of 
40  per  cent.  For  the  barrels  of  small  arms  the  elastic  limit  is  gene- 
rally above  70,000  Ihs.,  and  the  tensile  strength  ranges  from  110,000 
to  120,000  lbs.  A  special  tungsten  steel,  containing  1'94  per  cent^  of 
tungsten  and  0"72  of  carbon,  had  an  eiastic  limit  of  101,000  lbs,  and  a 
tensile  strength  of  125,500  lbs.,  the  elongation  being  19  per  cent,  and 
the  reduction  of  area  34  per  cent.  Further  experiments  are  reported 
on  the  strain  set  up  in  the  manufacture  of  guns,  and  of  the  relief  pro- 
duced by  annealing.  More  tests  were  also  made  on  the  effect  of  re- 
peated stresses,  and  in  one  a  bar  of  0*82  carbon  steel  ebdured  sixty^five 
million  repetitions  of  40,000  lbs.  alternate  tension  and  compressiuu 
without  rupture. 

Nickel  Stefih — The  physical  properties  of  nickel  steel  have  been 
exhanstively  investigated  by  C.  K  GuiUaume,t  and  by  D.  H*  Browne 
and  H.  J.  Porter.]: 

In  tlie  course  of  some  notes  on  the  electro-chemical  and  electro- 
metallurgical   industries  in  1900,  J.  B.  0.  Kershaw  §   refers   to   the 

I       •  En^in^r^  toL  xct-  p*  377, 

f  '*  Cotumui>ieaLic3^nj    fir^seotf^eft    dtii'ATti    te    Ooogr^   Intarnatiutial    deft    Muthodoi 
d'Ewi^i/'  vol  ii.,  1901,  Part  I,,  pp.  lgl-204. 
*  Ibid.,  pp.  205-22S,  g  Efecirieian,  vol.  ilvl.  p.  428. 
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increasing  use  of  nickel  in  tHe  steel  industries.  In  1900  the  produc- 
tion of  metallic  nickel  in  the  world  is  estimated  at  7350  tons,  mainly 
by  metallurgical  processes.  Hoepfner's  electrolytic  process  for  treat- 
ing the  ore  direct  is  at  work  at  Papeuburg,  in  Germany.  At  Hamilton, 
Ontario,  the  Frasch  electrolytic  process  is  to  be  tried.  Electrolytic 
methods  are,  however,  chiefly  confined  to  treating  the  cmde  metal  for 
refining  it,  being  used  by  one  firm  in  each  of  the  following  countries— 
England,  Germany,  Russia,  and  the  United  States.  The  Mond  process 
is  to  be  worked  on  a  large  scale  at  Clydach  in  South  Wales,  and  at 
Sault  Ste.  Marie  in  Canada.  Impure  ferro-nickel  alloys,  containing 
7  per  cent,  of  nickel  and  some  silicon,  are  being  produced  in  an  electric 
furnace  direct  from  the  Sudbury  ores. 

Non-Magnetic  SteeL — A  special  steel  *  is  used  for  t^e  roofs  and 
floors  of  conning  towers  of  ironclads,  which  is  non-magnetic,  or,  more 
properly  speaking,  only  very  feebly  magnetic  The  steel  adopted  by 
the  Russian  Nary  contains — 

Per  Cent. 

Carbon 0*58 

Chromium 1*00 

Nickel 22-50 

Wire  Bopes. — J.  Divis  t  discusses  generally  wire  ropes  and  the 

wire  used  in  their  construction.  The  author  deals  with  the  precaution 
to  be  taken  in  connection  with  the  use  of  wire  ropes.  New  wire  ropes 
stretch  considerably  when  first  put  into  work,  and  the  author  gives  the 
results  of  experiments  made  to  ascertain  how  great  this  elongation 
was.  The  lasting  elongation  when  the  rope  was  weighted  to  its  maxi- 
mum varied  from  0*26  to  0*93  per  cent.,  according  to  the  kind  of 
rope  and  numbers  of  wires  and  wire  bundles.  Cables  elongate  much 
more  than  simple  ropes.  The  latter  showed  elongations  of  from  0*26 
to  0-45  per  cent.,  while  the  cables  elongated  permanently  from  0*60 
to  0  93  per  cent.,  the  dimensions  of  the  central  core  having  a  marked 
influence.  Wire  ropes  rarely  break  at  once  right  across,  but  rather 
first  one  wire  strand  breaks,  and  then  another.  The  testing  of  wire 
ropes  is  accompanied  with  much  difficulty,  in  so  far  as  gripping  them 
fairly  in  the  jaws  of  the  testing  machine  is  concerned.  The  tests  re- 
ferred to  showed  that  tlie  total  strength  of  the  rope  was  approximately 
identical  with  the  sum  of  that  of  the  component  wires.     The  spiral 

*  Communicated  by  Mr.  Sergius  Kern. 

t  OeHerreichitche  Zcittchrift  filr  Berg-  und  ffiUtenwesen,  vol-  zlviii.  pp.  661-667, 
678-682,  691-594. 
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^pwisting  of  the  wire  in  the  wire  strand  is  almost  completely  without 
influence,  and  the  wire  fitrand  may  be  looked  upon  aa  u  single  wire. 
The  influence  exerted  by  the  bending  of  the  rope  around  the  drum  ia 
Httsuaily  placed  at  fiir  too  high  a  figure,  eapeclaUy  when  the  wires  used 
^Bre  circular  in  section.  Other  points  are  also  referred  to,  and  th^ 
Hftuthor  then  proceeds  to  a  consideration  of  the  quality  of  the  wire  tiaed 
la  wire  rope  construction.  The  quality  depends  in  the  first  instance 
on  that  of  the  raw  material,  and  then  also  on  the  way  it  has  snb- 
aequeutly  been  treated,  The  question  of  the  chemical  com  position  is 
also  considered.  Usually  each  works  has  its  own  special  trade  secrets 
in  connection  with  this  point.  On  the  Continent  in  judging  as  to  the 
quality  of  a  wire  rope  special  weight  is  attached  to  its  possessing  bend- 
ing power,  while  in  the  United  Kingdom  it  mnsfc  possess  high  torsion 
capacity.  Apparently  the  wire  is  unly  bent  in  work,  and  is  not  subject 
to  torsion  at  all,  and  thus  at  first  sight  the  Continental  method  seems 
the  roost  accurate.  It  is  found,  however,  that  in  a  worn  rope  the  wires 
have  lost  much  Jess  of  their  bending  power  than  they  have  of  their 
toraioo  capacity,  and  in  reality  as  soon  as  there  is  any  marked  diminu- 
tion in  the  torsion  capacity  of  the  wires  in  a  rope  there  is  a  chance 
tliat  at  any  moment  that  rope  may  fracture.  Especial  care  must  be 
taken  in  the  supervision  of  wire  ropes  that  are  not  in  constant  use^  but 
are  only  employed  at  intervals^  Pbusting  is  a  sedons  danger  in  such 
C&ses.  The  rusting  of  wires,  again,  affects  chiefly  their  torsion  power, 
the  bending  power  being  affected  to  a  much  lesser  extent.  Sudden 
shock  acts  in  the  same  way.  Wires  of  high  tensile  strength  are  much 
more  liable  to  rust  than  are  others  of  lower  tenacity.  In  conclusion 
the  autlior  deals  brie%  with  some  of  the  variations  in  construction 
introduced  in  recent  years. 

Steel  Chains. — J*  Seefehluer*  describes  the  construction  of  steel 
chains  for  the  suspension  bridge  over  the  Danube  at  Budapest  The 
distance  between  the  axes  of  the  chains  is  65^6  feeL  The  links  are  of 
open-hearth  steel,  and  all  other  parts  of  wrought  Iron.  The  longest 
links  are  34  feet.  The  tensile  strength  of  the  steel  was  specified  as 
30  to  35  tons  per  square  inch. 

Steel  Bails* — W.  R»  Webster  t  discusses  the  chemistry  and  heat 
treatment  of  steel  rails,  ascribing  to  the  latter  many  of  the  variations 

•  ZriUchri/i  dtt  Vercinfx  dttU$ch€r  higcnirtirf,  vol  JtHv,  pp,  558-Gaj, 
|-  TrantactiojkM  of  thr.  American.  IniUtute  of  Mining  Enffifvarfi^  liichmoiiil  Meeting, 
Febmuy  190L 


506 


THE  IRON  AND  STEEL  INDUSTRIES. 


which  cannot  be  accounted  for  by  the  composition^  bat  admitting  that 
a  good  composition  is  an  absolute  necessity.  The  section  of  the  nil 
has  a  great  influence  on  the  finishing  temperature,  and  it  maj  be 
advisable  to  increase  the  amount  of  metal  in  the  web  and  flange.  A 
moderate  amount  of  carbon  is  preferred  to  high  carbon,  as  the  finishing 
temperature  may  be  reduced.  The  determination  of  this  temperatare 
and  its  uniformity  is  of  importance.  It  is  suggested  that  the  shrinkage 
on  cooling  should  be  accurately  determined  and  used  as  a  check.  A 
drop  test  for  each  blow  of  steel  is  advocated.  Sufficient  work  must  be 
put  into  the  rail  during  rolling  at  a  low  enough  temperature  to  break 
up  the  coarse  structure  and  to  produce  the  toughness  desired. 

The  author^  also  refers  to  the  recent  discusaion  in  England  and 
America  on  the  subject  of  specifications  for  steel  rails,  and  adds  a  chrono- 
logical list  of  the  papers  and  discussions  on  the  nature,  composition, 
qualities,  uses,  kc,  of  iron  and  steel  contained  in  the  Transaeiions  of 
the  American  Institute  of  Mining  Engineers  since  1871,  with  the  authors' 
names. 

P.  H.  Dudley,  R  Trimble,  E.  C.  Potter,  G.  R  Woodworth,  and 
others  contribute  to  the  discussion  on  the  specifications  for  steel  rails. 
The  first  named  compares  the  conditions  in  Europe  and  in  America, 
and  comments  on  some  of  the  details,  recommending  somewhat  closer 
limits  for  the  size.  Lengths  of  33  feet,  and  even  60  feet,  are  now 
used,  so  that  the  proposed  standard  of  30  feet  is  too  short. 

At  the  October  meeting  in  1900  of  the  American  section  of  the 
International  Association  for  Testing  Materials  the  tests  for  rails,  fish 
plates,  structural  steel,  bridge,  and  ship  steel  were  considered.!  As  a 
summary  of  the  suggestions  was  published  by  A.  L.  Colby  }  in  the  last 
volume  of  the  Institute's  Journal,  further  details  need  not  be  given. 
# 

Steel  for  Spur  Wheels.— J.  Christie  §  gives  the  analyses  of  several 
steels  used  for  high-speed  toothed  gearing : — 


Oarbon  . 

0-86 

0-47  i 

0-90 

0-60 

0-52 

0-42 

Manganese     . 

0-51 

0-66 

0-64 

0-64 

0-55 

0  73 

Silicon    . 

0-27 

0-107 

0  270 

Pilosphorus    . 

below  0-03 

005 

0  022 

0  078 

Sulphur 

below  0  03 

005 

0-02 

0  05 

*  Transactions  of  the  American  Institute  of  Mining  Engineers,  Richmond  Meetiog, 
February  IDOl. 

t  Iran  Age,  November  1,  1900,  pp.  17-21. 

X  Jonrnnl  of  the  Iron  ami  Stcd  Institute,  1900,  No.  II.  p.  215. 

§  Paper  read  before  the  Engineers'  Club  of  Philadelphia ;  Iron  Age,  February  28, 
1901,  PI).  19-24. 
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Cast  Iron  Railway  Wheels.— G.  W.  Beebe*  deals  with  the 
manufacture  and  testing  of  cast  iron  railway  wheels,  of  which  about 
10 J  millions  are  supposed  to  be  used  in  America  at  the  present 
time.  The  method  of  carrying  out  the  test  by  one  of  the  railway 
companies  is  given  in  detail.  The  wheel  is  laid  flange  down,  and  a 
channel  1 J  inch  wide  is  moulded  rounded  it  in  green  sand,  leaving  the 
flange  and  tread  exposed.  Hot  iron  is  poured  at  two  points  to  fill  the 
channel,  and  two  minutes  afterwards  the  examination  is  made  for 
cracks.  Two  tests  are  allowed.  In  the  Barr  drop  test  the  wheel  is 
laid  flange  down,  and  should  stand  fifty  blows  from  a  100-lb.  tup 
falling  7  feet,  and  striking  the  web  of  the  wheel.  By  the  Master  Car 
Builders*  test  the  tup,  weighing  140  lbs.  and  falling  12  feet,  strikes  the 
hub  of  the  wheel  laid  flange  down  on  three  fixed  supports.  One  line 
demands  that  it  shall  stand  twelve  blows  without  breaking  out  a  piece. 
In  the  manufacture  it  is  important  to  pour  the  iron  hot  and  quickly, 
taking  not  more  than  twelve  seconds  for  a  33-inch  wheel.  As  soon  as 
it  has  set  it  should  be  shaken  out  of  the  mould  and  transferred  to  the 
annealing  pit. 

*  Paper  read  before  the  'Weitcm  Railway  Club,  October  1900 ;  Engineering  News^ 
vol.  xlir.  p.  266. 
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The  Constitution  of  Cast  Iron.— H.  M.  Howe*  adopts  the 
hypothesis  that  composition  governs  properties  in  cast  iron  in  the 
same  general  way,  and  for  the  same  reasons,  as  in  the  case  of  steel, 
mutatis  mufariflis.  Carbon  steel  is  composed  of  ferrite  and  cementite 
interstratified  in  part  to  form  pearlite.  When  the  combined  carbon  is 
above  some  point  between  2  and  3  per  cent  the  material  becomes 
white  cast  iron,  so  there  is  really  an  unbroken  series  from  the  mildest 
steel.  Grey  cast  iron  is  regarded  as  graphite  intermingled  with  steel 
or  with  white  cast  iron  according  as  the  percentage  of  combined  carbon 
is  low  or  high.  In  the  graphiteless  series  the  general  trend  of  the 
curves  of  the  ductility,  hardness,  and  tenacity  may  roughly  be  plotted. 
In  the  graphitic  series,  when  the  graphite  is  constant  the  variation  in 
the  combined  carbon  in  the  matrix  should  produce  similar  results  as 
in  the  graphiteless  series — that  is,  the  hardness  should  increase  and  the 
ductility  decrease  with  the  combined  carbon,  and  the  tenacity  as  a 
whole  should  attain  a  maximum  at  about  1  per  cent  With  constant 
combined  carbon  the  strength,  ductility,  and  hardness  should  decrease 
as  the  graphite  increases.  Tiiis  reasoning  is  applied  in  the  case  of 
ordinary  foundry  irons  containing  about  4  per  cent  of  total  carbon,  and 
then  an  explanation  is  given  of  the  influence  of  carbon  on  the  physical 
properties  of  cast  iron.  Increase  in  combined  carbon  substitutes 
cementite  for  ferrite,  and  so  increases  hardness  and  decreases  the 
ductility.  The  effect  on  tenacity  is  less  easy  of  comprehension,  but 
two  explanations  are  possible,  depending  on  the  strengthening  action 
of  the  hard  cementite,  or  the  hard  allotropic  modification  of  iron  sur- 
rounded by  the  softer  and  more  ductile  ferrite.  In  the  lower  carbides 
the  harder  part  is  discontinuous,  and  accommodates  itself  to  the  flow 
of  the  ferrite ;  but  when  the  carbide  increases,  the  cementite,  or  what- 
ever it  may  be,  forms  a  more  or  less  continuous  skeleton,  which  does 
not  yield,  but  is  liable  to  the  initiation  of  local  fractures,  which  spread 

*  Tramartion^  of  the  American  Institute  of  Mining  Eiiffiiieers,  Richmond  Meeting, 
February  lUOl. 
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and  protluce  the  Tailure  of  the  whole  specimen  under  tesL  The 
strongest  iron  carbon  compound  is  steel  with  about  1  per.  cent  of 
carbon,  but  lo  grey  cast  iron  there  is  also  the  graphite  to  be  eon- 
sidered,  so  that  there  should  be  a  '^  best  proportiou  ^'  between  the 
graphite  and  combined  carbon  for  each  percentage  of  total  carbon  to 
give  the  maximum  strength.  Hence  the  lower  the  total  carbon  the 
stronger  should  be  the  cast  iron  of  **best  proportion."  The  **  best  pro- 
portion" for  1  per  cent,  total  carbon  is  naturally  1  of  combined  carbon 
to  zero  of  graphite,  but  there  are  no  data  at  present  for  the  determina- 
tion of  this  proportion  for  other  carbon  contents.  The  author  is  quite 
aware  that  there  is  much  to  be  said  against  this  hypothesis,  but  the 
best  classes  of  cast  iron  are  charcoal  iron  and  air  furnace  castings, 
which  habitually  have  a  low  carbon  contents,  and  the  loss  of  excellence 
in  cupola-melted  charcoal  iron  is  not  readily  explicable  by  other  causes^ 
but  is  wliolly  in  harmony  with  the  hypothesis.  This  question  of  air 
furnace  and  cupola-melted  iron  is  discussed  at  some  length,  and  then 
the  author  turns  to  remarks  on  current  opioions  regarding  cast  iron. 

B^i^^^^^  ^f  ^^^  silicon  diminishes  the  graphite  and  increases  combined 
carbon  J  tliereby  increasing  cementite^  and  the  resulting  castings  are 
harder  and  more  brittle.  The  value  and  action  of  ferro-silicon  in 
Bofiening  castings  by  increasing  the  graphite  and  in  consequence  the 
ferrite  also,  is  thus  evident*  \V.  J*  Keep  infers  that  carbon  has  but  little 
influence  j  but  nearly  all  his  cast  irons  vary  but  little  in  total  carbon^  in 

H  which  the  increase  of  one  masks  the  effect  of  the  decrease  of  the  other 
constituent. 


«^tic 


The  Constitution  of  Pig  Irons  and  Steels* — A.  Camot  *  and 

E*  Goutal  note  that  in  recent  years  our  knowledge  as  to  the  chemical 
and  physical  constitution  of  pig  irons  and  steels  has  made  considerable 
progress.  The  authors  observe  tlmt  four  kinds  of  carbon  liave  been 
admitted — ^graphite,  graphitic  temper  carbon,  carbide  carbon,  and 
hardening  carbon.  The  two  former  are  free,  the  third,  in  combination 
with  iron,  and  the  last  in  solid  solution,  or  in  the  form  of  combina- 
tions dissolved  in  iron,  but  decomposable  by  cold  dilute  acids,  which 
e  carbide  carbon  la  not  Micrographic  methods  have  enabled  us  to 
go  still  further,  and  one  distinguishes  now  certain  recognised  com- 
ponents of  carbon  steels.  These  are  i  (1)  "ferrite,"  or  malleable  iron, 
almost  pure ;  (2)  '*  sorbite/'  a  Mud  of  feebly  carbarised  iron,  not  very 
iefinitely  defined,  but  which  is  known  to  be  attackable  by  cold  dllutd 
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acids ;  (3)  "  perlite/'  composed  of  alternate  layers  of  ferrite  or  sorbite 
with  the  carbide  Fe^G ;  (4)  "  cementite/'  FegC  occurring  as  lamellag, 
which  are  readily  recognised  after  etching ;  and  (5)  three  other  con- 
stituents forming  the  principal  part  of  hardened  steels,  martensit€, 
troostite,  and  austenite.  So  far,  these  last  three  are  not  very  clearly 
defined  from  a  chemical  point  of  view.  They  contain  some  carbon, 
which  dilute  sulphuric  acid  converts  into  gaseous  hydrocarbon,  and 
which,  when  treated  with  cold  dilute  nitric  acid,  separates  in  the  form 
of  a  black  deposit,  which  dissolves  rapidly,  colouring  the  solution  brown. 

All  kinds  of  iron  and  steel  contain,  however,  other  elements  besides 
carbon,  but  of  many  of  these  we  were  ignorant  until  the  authors'  re- 
searches as  to  their  mode  of  occurrence.  It  seemed  to  the  authors 
that  it  might  be  possible  to  ascertain  this  by  methods  of  chemical 
analysis.  They  have,  therefore,  experimented  in  this  direction, 
employing  solvents  which  would  dissolve  the  mass  of  the  iron,  but 
which  would  leave  untouched  certain  elements  or  foreign  constituents, 
or  even  leave  untouched  a  portion  of  these  while  dissolving  the 
remainder.  When  thus  isolated,  they  were  submitted  to  further 
examination.  The  authors  selected  certain  special  metals  containing 
some  constituent  in  paramount  quantity,  the  remaining  foreign 
constituents  being  present  in  as  small  quantities  as  possible.  In 
this  way,  ferro-silicons,  ferro-chromes,  silico-spiegeleisens,  &c.,  were 
subjected  to  analysis.  They,  however,  always  employed  commercial 
products,  or  at  least  products  obtained  from  metallurgical  furnaces. 
The  liigh  temperature  of  the  electric  furnace  might  give  rise  to 
combinations  diflferent  from  those  which  would  result  from  the  lower 
temperature  of  ordinary  metallurgical  furnaces.  The  authors  divide 
their  researches  into  two  parts.  The  first  of  these  relates  to  the 
ordinary  elements,  other  than  carbon,  that  are  found  in  pig  irons 
and  steels.  The  second  deals  with  the  rarer  elements,  such  as  occur 
in  "  special  '*  steels.  The  first  includes  silicon,  sulphur,  phosphorus, 
arsenic,  and  manganese ;  and  the  second,  chromium,  tungsten,  molyb- 
denum, titanium,  copper,  and  nickel. 

With  regard  to  silicon,  the  authors  first  experimented  with  sampler 
of  ferro-silicon  as  low  as  possible  in  manganese.  They  contained  about 
1  per  cent,  of  the  latter  element  and  from  10  to  14  of  silicon. 
These  were  attacked  by  dilute  hydrochloric  acid,  air  being  excluded. 
About  250  cubic  centimetres  of  hydrochloric  acid  of  7  per  cent, 
strength  was  placed  in  a  flask,  and  a  current  of  carbon  dioxide  passed 
through.     The  acid  was  boiled  for  a  few  minutes  and  then  allowed 
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to  cooL  The  stopper  being  remov'ed,  a  few  grammee  of  very  finely 
powdereJ  ferro-silieon  were  added,  the  current  of  carbon  dioxide  re- 
newed, and  the  temperatiire  raised  to  about  40*  C,  the  Hask  being 
shakeu  from  time  to  time.  When  all  eO'ervescence  liaa  ceased,  the 
clear  solution  is  poured  away.  In  t\m  a  few  doceulent  portions  of 
siHcon  hytlroxide  will  be  found.  The  residue  is  collected  on  a  filter, 
washed  with  dilute  hydrochloric  acid  and  then  with  alcohol,  in  order 
to  avoid  oxidation.  After  destccation  a  black  powder  can  readily  be 
separated  by  the  aid  of  a  magnet.  Thh  powder  contains,  in  addition 
to  a  little  graphite,  a  silicide  of  iron,  wldch  decom[>oses  v^ry  rapidly 
under  thi?  action  oF  alkalies,  and  even  slowly  in  pure  water,  hydrogen 
being  liberated.  Analyses  showed  this  silicide  to  have  the  formula 
FeSr. 

When  the  same  samples  of  ferro-silicon  were  submitted  for  a  fort- 
night to  the  action  of  cuhl  and  very  dilute  sulphuric  acid  containing 
only  5  per  cent  H^SO^,  a  complex  residue  was  obtained.  This  con- 
sisted chit^fiy  of  carbon,  various  silicides,  and  silicon  hydroxide^  the 
latter  being,  doubtless,  the  resultant  of  the  decomposition  of  other 
silicides.  By  treating  this  residue  with  hot  dilute  caustic  potash,  the 
FeSi  and  tlie  silica  were  dissolved.  Hydroxides  of  iron  and  manganese 
remained  in  the  residue.  These  were  dissolved  witli  dilute  sulphuric 
acid.  The  residue  was  washed,  dried,  slightly  heated,  and  the  mag- 
netic portion  Mdthilrawn  by  a  magnet*  This  magnetic  residue  had 
'ihe  composition  Fe^Si. 

When  silico-ajjiegeleisens  containing  \2  per  cent  of  eiHcon  and  20 
of  manganese  were  treated  in  a  similar  way,  double  at  lie  ides  of  iron 
and  manganese  were  found  of  the  formula  M^Si,  in  winch  M  repre- 
sents the  total  of  the  two  metals,  iron  and  manganese.  The  presence 
of  a  considerable  quantity  of  manganese  appears  therefore  to  exert  a 
marked  modifying  inEuence  on  the  composition  of  the  silicide  forms. 

When  some  samples  of  ferro-manganese,  in  themselves  not  sensibly 
magnetic,  Wfre  subniitted  to  pulverisation,  it  was  observed  that  they 
iontained  some  magnetic  constituents.  These  were  analysed,  and 
Were  found  to  be  poorer  in  manganese  but  considerably  richer  in 
iron  and  in  silicon  than  the  original  metal  About  8  per  cent. 
of  the  metal  could  be  extracted  in  this  way.  This  con tai tied  from 
84  to  S9*8  per  cent,  of  iron,  2'9  to  945  per  cent,  of  manganese,  and 
3^95  to  6^50  per  cent  of  silicon*  These  portions  were  subjected  to  tlie 
action  of  very  dilute  acids,  and  were  found  to  leave  a  residue  which 
was  nothing  else  than  the   iron  silicide   previously  observed,  Fe^Bi, 
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One  m&Y  therefore  concliide  that  ferro-silieons  contain  tvro  eamHnfl 
fciODS  of  iron  with  silicon,  FeSi  and  FeaSL  They  may  also,  when  rich 
enough  in  mangane&a,  aa  silico-spiegels,  contain  a  silieide  of  the  forumla 
MgSi^  in  which  there  may  he  a  consiiierahle  percentage  of  manganeat. 
The  siUcide  Fe^Si  was  firet  prepared  bj  Hahu  ;  Moissaa  ohtaiiied  it 
tlie  electric  liirnace,  and  Lebeaii  has  qnic^e  recently  isolated  it  fi 
ferro-siliconB  containing  10  to  20  per  cent,  of  silicon  prepared  in  tl 
electric  furnace.  The  silicide  FeSi  had  been  obtained  by  Fr^oiy  m 
by  Hahn,  and  has  alio,  since  the  authors'  investigatioGSj  been  prejmn 
by  Lebeau  iti  the  electric  furnace,  but  in  the  presence  of  sHictde  of 
copper,  which  may  have  had  the  effect  of  lowering  the  bemperatore 
of  the  reaction  and  of  causing  it  to  approach  that  of  ordinary  metal- 
lurgical furnaces.  It  is  to  be  observed,  however,  that  the  properties 
of  these  two  silicides,  prepared  as  above  stated,  are  not  altogether 
identical;  for  those  obtained  in  the  electric  furnace  are  not  attacked 
by  acids,  while  those  produced  under  orfiinarj*  metallurgical  conditions 
are  readily  attacked  by  hot  acids,  even  when  dilute.  The  ^iithv 
have  endeavoured  to  isolate  these  two  silicides  from  ordinary  pi 
Irons,  but  have  not  been  sucoesBfuK  Tiiey  are  led  to  believe  th 
the  cooling  produces  the  decomposition  of  the  silicide  FeSi,  or  th 
tiiis  silicide  forms  with  the  mass  of  the  iron  a  solid  solution 
hotnogeneons  mixture.  The  absence  of  a  free  silicide  of  iron  appears 
equally  well  established  by  expenments  of  H,  Le  ChateHer  on  the 
electric  resistance  of  steels.  These  showed  that  the  resistance  increased 
proportionately  with  the  quantity  of  silicon,  and  one  mast  admit 
therefore  that  this  element  is  present  in  steel  in  the  state  of  a  homo 
geneons  mixture^  or  of  a  solid  solution*  On  the  other  hand,  the 
residue  left  by  ordinary  east  irons  after  thej  have  been  attacked  by 
dilute  sulphuric  acid  out  of  contact  with  the  air,  has  shown  that  a 
small  quantity  of  silicide  of  manganese  is  present.  This  the  anlhors 
consider  to  have  the  form tt la  Mii8i,  They  have  not,  however,  been 
able  to  obtain  it  in  a  pure  i^tate,  as  it  was  always  mixed  with  an  excess 
of  earhide  of  iron* 

The  next  element  the  authors  deal  with  is  sulphur*  To  isolate  the 
sulphides  from  iron  or  steel,  it  is  not  possible  to  utilise  the  same 
method  as  that  employed  in  connection  with  the  silicides,  as  hydro^ 
geu  sulphide  would  be  evolved,  Wiien,  however,  the  attacking  a^-ei 
is  the  neutral  chloride  of  copper  and  potassium,  the  whole  of  th< 
sulphur  remains  in  the  insoluble  residue.  This  residue  sometimes 
contains  sulphide  of  iron^  but  the  authors  have  more  frequendj  fou) 
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it  composed  to  a  large  extent  of  the  sulphide  of  copper,  CuS*  The 
authors  find  that  the  aiilphule  of  iron  is  not  attacked  by  the  copper- 
potassium  chloride,  and  they  have  ascertained  the  existence  in  pig 
irons  of  the  compoimde  Fe8  and  MnS.  The  authors  think  that  when 
manganese  is  present  this  sulphide  forms  in  preference  to  that  of  iron. 
The  copper  chloride,  however,  aeems  to  decompose  it,  leaving  copper  in 
place  of  the  manganese.     In  the  case  of  a  hardened  nteel  containing — 


0-17 


0-65 


Sulpliur, 
0-18 


PP  almost  the  whole  of  the  sulphur  was  found  in  the  residue  combined 
with  copper  as  CuS*     Hardening,  there  fore,  does  not  affect  the  mode 
^m  of  existence  of  sulphur  in  steels  in  the  presence  of  manganese, 
B      Dealing   next    with    phosphonis,    the    authors    found    that   when 
they    used    the    perfectly   neutral    double   chloride    of    copper   and 
potassium,  the  phosphorus  remained  entirely  in   the  residue  in  the 
form   of  phosphide   of  irou>   sometimes   mixed   with   a   very   small 
quantity  of  phosphide  of  manganese,  as  well  as  silica,  carhon,  and 
copper  sulphide.      Iron   phosphide  is  so  feebly  magnetic  that  com- 
plete separation  by  a  magnet  is  nob  possible,  and  the  authors  have 
been   obliged  to  check  its  formula  by  comparing   the  results  of  a 
large  number  of  analyses  of  the  residues  from  highly  phosphoric  pig 
iron  and  steels.     To  do  this  the  residue  was  attacked  by  hrominated 
nitric  acid,  and  the  filtered  solution  divided  into  two  parts^  the  iron 
s       precipitated  in  one  by  ammonia,  rediasolved,  reduced,  and  liberated 
^m  by  permanganate,  and  in  the  other  the  phosphoric  acid  precipitated  by 
"  molybdate,  after  destroying  organic  matter  by  the  aid  of  chromic  acid. 
The  authors  conclude  that  the  phosphide  of  iron  which  occurs  iu  pig 
irons  and  steels  has  the  formula  Fe^F>    This  is  the  formula  that  has 
long  been   accepted.      They  have  experimented  to  see  whether  the 
same  phosphide  occurs  in  steels  that  have  been  rapidly  haxdened. 

^Blm  residue  from  10  grammes  of  this  steel  contains  33*2  milligrammes 
of  phosphorus  and  165  milligrammes  of  iron  without  a  trace  of  man* 
ganese*  Hardening  in  the  presence  of  manganese,  therefore,  exerts  no 
influence  on  the  way  the  iron  and  phosphorus  combine. 

The  next  element  considered  is  arsenic.     Dilute  hydrochloric  acid 
leaves  it  all  in  the  residue  if  air  be  excludedi     The  authors  fotind  in  a 
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steel  an  arsenide  of  the  formula  Fe^As.  Arsenic,  however,  does  not 
appear  to  enter  into  combination  with  iron,  if  it  has  been  slowly 
annealed,  but  remains  in  irons  and  steels  so  treated  simply  dissolved. 
In  hardened  steel  the  case  is  diflferent.  Here  an  arsenide  is  produced 
when  copper  was  present ;  an  arsenide  was  left  that  had  the  formula 
M3AS2,  and  from  another  steel  containing  no  copper  bat  4*25  per  cent 
of  arsenic  the  authors  obtained,  after  hardening  from  temperatures  of 
400"  and  1000'  C,  an  arsenide  of  the  formula  FejAs.  Thus,  while 
annealed  steel  only  contains  non-combined  arsenic,  the  hardened 
metal  contains  an  arsenide.  Arsenic,  therefore,  behaves  in  metallur- 
gical products  like  carbon.  Hardening  causes  it  to  form  definite 
compounds,  and  slow  annealing  causes  it  to  assume  its  free  state 
again.  This  difference  in  the  behaviour  of  arsenic  and  phosphorus 
accounts  for  the  long-noticed  fact  that  equal  percentages  of  these  two 
elements  act  in  such  very  different  ways. 

The  next  element  passed  in  review  is  manganese.  Here  the 
attacking  agent  used  was  a  solution  of  ammonium  acetate  rendered 
slightly  ammoniacal  and  raised  to  a  boiling  temperature.  By  this 
means  the  authors  isolated  a  compound  having  the  formula  FejC, 
4Mn3C.  This  corresponds  to  74  per  cent  of  manganese.  This  was 
obtained  from  alloys  containing  79  per  cent,  and  84  per  cent  of 
manganese,  and  is  of  much  interest  in  that  boiling  water  attacks  or 
does  not  attack  ferro-manganese  according  to  whether  the  manganese 
present  exceeds  or  falls  below  74  per  cent.  When  ferro-mangaueses 
containing  from  74  down  to  60  per  cent,  of  manganese  are  treated 
with  very  dilute  cold  acetic  acid,  they  give  as  residue  a  crystallised 
non-magnetic  double  carbide  of  the  formula  FegC,  2Mn3C.  If  the 
percentage  of  manganese  varies  between  60  and  30  per  cent.,  the 
residue  contains  a  mixture  of  two  double  carbides,  one  of  which  has 
just  been  mentioned  and  another  non-magnetic  carbide  of  the  formula 
2Fe3C,  MngC.  This  double  carbide  appears  to  have  a  tendency  to 
separate  out  during  the  cooling  down  of  ingots  of  ferro-manganese,  as 
the  authors  show.  Metallurgical  products  with  30  per  cent  down 
to  18  per  cent,  of  manganese  cannot  be  attacked  by  acetic  acid,  the 
action  of  which  is  too  feeble.  Sulphuric  acid,  even,  when  cold  and 
dilute,  is,  on  tlie  other  hand,  too  energetic  in  its  action,  only  leaving 
as  an  insoluble  residue  a  small  quantity  of  silicide  and  carbide  of  iron. 
In  this  series  of  metals  the  authors  consider  the  carbide  2Fe3C,  MugC 
to  exist  Finally,  for  percentages  of  manganese  below  18,  the  free 
carbide  FegC  rapidly  separates  under  the  action  of  very  dilute  cold 
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sulphuric  acitL  The  mithors  thitik  that  the  double  cftrbWe  lowest  in 
man gaiiese,  which  exists  in  jvig  irons,  contains  18  per  cent,  of  man- 
ganesi?.  This  fiouble  carbide  would  have  the  formula  IFe^C,  Mn^C» 
It  exists  in  the  samples  with  less  than  IS  per  cent,  of  matiganeae. 

The  authors  then  summarise  tlieir  conclusions,  pointing  out  that  iu 
pig  irons  and  steel  (1)  sulphur  is  usually  combined  nearly  entirely 
witii  manganese  as  MnS,  the  excess^  if  anyi  being  present  as  FeS ; 
(2)  phosphorus  is  combined  directly  with  Iron  as  Fe,,P ;  (3)  arsenic  is 
almost  always  free,  or  exists  as  a  solid  solution,  but  after  hardening  it 
is  partially  combined  with  iron  as  Fe^As;  (4)  silicon  is  usually  in  the 
free  state  in  cast  irons.  It  can  also  unite  with  irou  and  manganese  to 
form  MnSi  and  Fe8i,  but  the  latter  is  dissociated  on  slow  cooling, 
or  at  least  Ciinnat  then  be  isolated.  The  siltcide  MuiSi  is  not  dis- 
associated by  cooling,  Ferro-silicona  contain  both  FeSl  an<l  FegSi. 
Silico-spiegcleisen  contains  a  double  ailicide,  M^Si;  (5)  carbon  is  com- 
bined with  both  iron  and  manganese.  It  forms  in  ferro-manganese 
double  carbides,  of  which  the  authors  have  recognised  four:  Fe^C, 
AMtifi;  Fe^C,  SMn^Cj  2Fe^Q,  Mnfi;  and  4.f^^(J,  Mu^O,  It  is  this 
latter  whiuh  appears  to  exist  in  Spiegel eisens  and  pig  irons ;  (6)  the 
excess  of  carbon  exists  in  combination  with  iron  as  Fe^U* 

taking  the  following  ordinary  analysis  of  a  pig  iron  :^ 
Par  Cent, 
Iron     ,        . 94'(10 
mkon ,        ,  1103 

PhospboTUs                                           .        ,        ,        .  0"15 

Artenlt:       .........  Q't^ 

Suhiliur     ..,,,.,,.  0*12 

MiiitgiiiieAc ,        -         .        +        -         ,         .        .        ,  2flG 

Combined  carbdii        .  .  245 

GnuihitB   ....  .       am 

Total -       ion  (HI 
results  of  the  author^'  iuvestigatious  would  lead  tbeui  to  state  the 
analysis  in  the  following  terms  t — 

Pet  Cent. 

MftngAnetc  sut|jbkle.  MuH  , 0  ^3 

Irou  phosiihidts  F^^^V .        .  .  OUfi 

IMAii^aniene  niljcitle.  MnBi     .         *         ^         *         -         ■         ■  0'(i2 
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The  authors  next  deal  with  the  elements  more  rarely  found  in 
steels.     In  two  ferro-chromes  containing — 


I. 

IL 

Per  Cent. 

PerCeDt. 

67-6 

591 

326 

32-3 

9-9 

91 

Chromiam        .... 

Iron 

Carbon      

the  authors  found  a  carbide  of  the  formula  FejCrj^Cy,  or  FcgC,  SCfjCj. 
FcgC  is  cementite,  and  CrgC^  is  the  formula  given  by  Moissan  for  the 
chromium  carbide  obtained  by  him  in  the  electric  furnace.  Steels  low 
in  chromium  gave  as  residue  SFegC,  CrgCg.  A  sample  of  ferro- 
manganese  containing  a  little  chromium  gave  this  same  residue.  It  is 
interesting,  the  authors  add,  to  note  that  the  double  carbides  of  chro- 
mium and  iron  are  like  those  of  manganese  and  iron  series  in  which 
the  chromium  varies  with  the  percentage  that  existed  in  the  mother 
metal. 

In  tungsten  steels  the  authors  have  found  FegW,  and  FegC,  WC. 
This  latter  was  in  steel  containing  6*1  per  cent,  of  tungsten  and  2  per 
cent,  of  carbon. 

With  regard  to  molybdenum,  the  authors  have  observed  the  pre- 
sence of  FcyMog,  and  FcgC,  MojC. 

Titanium  does  not  seem  to  be  in  a  state  of  combination  in  ferro- 
titanium,  nor  in  the  case  of  copper;  most  of  this  forms  no  definite 
alloy  with  iron  in  products  low  in  copper,  whether  liardened  or 
annealed.  An  extremely  small  residue  obtained  in  one  instance  was 
non-magnetic,  and  contained  both  iron  and  carbon.  The  authors 
suggest  that  this  may  have  been  either  an  alloy  or  a  carbide. 

As  to  nickel,  the  authors  were  unable  to  obtain  any  results.  Tlie 
nickel  always  went  into  solution  simultaneously  with  the  iron.  The 
authors  think  that  the  nickel  exists  in  the  free  state. 

In  conclusion,  the  authors  add  a  note  on  the  analysis  of  ferro- 
nianganesp.  Copper  chloride  is  useless  for  the  determination  of  carlK>n 
in  alloys  with  more  than  80  per  cent,  of  manganese.  Direct  com- 
bustion of  the  fine  powder  in  a  current  of  oxygen  gives  the  best 
results. 

The  Solution  of  Iron  in  Hydrochloric  Acid.— J.  T.  Conroy  ♦ 

has  experimented  upon  the  rate  of  solution  of  iron  in  hydrochloric 
acid,  a   matter   which   has  an   important  bearing  on  the   process  o: 

*  Joiunal  of  the  S<jciifi/  "/  Chemical  Industn/^  vol.  xx.  pp.  31G-320. 
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pickling  in  ftdds.  Under  certain  conditions,  it  is  found  that  with 
the  concentTatioTi  of  tha  acid  the  rate  of  lolution  increnses  in  a  geotne^ 
trical  progression  over  a  considerahle  range.  The  rate  is  doubled  for 
each  increase  of  30  grammes  of  acid  per  litre*  A  similar  law  connecta 
the  activity  and  the  increase  of  temperature.  Between  25  and  316 
grammes  of  acid  per  litre,  the  rate  appears  to  be  doubled  for  each  rise 
of  10""  C»  The  results  are  plotted  as  curves  which  are  logarithmic  in 
form,  and  calculations  based  on  these  curves  as  to  the  relative  times 
taken  for  cleaning  plates  agree  very  well  with  the  results  obtained  on 
a  practical  scale* 

The  Passive  State  of  Iron.— Hittorf  *  gives  the  results  of  his 
extensive  experiments  on  the  nature  of  the  passive  state  of  metals, 
especially  of  iron  and  tteel,  which  is  caused  by  dipping  tliem  into 
concentrated  nitric  acld« 


I 


Corrosion  of  Iron  and  Steeh:— W*  Wark  t  discuBsea  the  dura* 
bility  of  wrought  iron  pipes.  After  the  lapse  of  eleven  years  wrought 
iron  pipes  employed  in  the  distribution  of  coal-gas  at  a  town  iji  New 
South  Wales  had  completely  perisheil.  The  decay  is  thought  to  have 
been  caused  by  the  light  character  of  the  soil  and  the  frequent  street 
watering. 

The  full  text  of  H,  M*  Howe's  report  J  on  the  relative  effects  of  cor* 
rosioii  on  iron,  mUd  steel,  and  nickel  steel  in  air,  sea- water,  and 
ordinary  water  has  been  published. 

Oxide  Film  on  Annealed  Sheets,— H.  Kamp3§  considers  the 

question  of  the  film  of  oxide  that  occurs  on  annealed  sheets.  Sheets 
tliat  have  cooled  after  passing  through  the  rolls  are  coated  with  an 
easily  detachable  fi Im^  which  consists  of  ferric  oxide  ami  ferrous  oxide 
in  varying  proportions.  It  is  feebly  magnetic.  For  many  purposes  it 
18  necessary  that  this  scale  shoidd  be  removed,  but  for  others  it  is  not 
£0  necessary.  All  sheets^  whether  scaled  or  not,  are  annealed  in  closed 
boxes,  either  to  get  rid  of  any  acid  that  may  still  adhere  and  to 
ensure  softness,  or  to  attain  the  highest  limit  of  magnetic  perfection. 

*  Paper  rend  before  tLe  GermAii  KloGtro'ChemicMil  SodL'ty. 

f  MtntUct  iff  Froceedinfja  &/  the  Imtiiutiofi  of  Ciril  Mwiijictrt^  vol*  oxUii.  pp.  359- 

X  **  0^mmnu\md\iyn%  pr^eut^i  deTftnt  U  Oongreit  Int^miitiQiiid  rte«  MtitUodei 
a'KsR^i;"  v*>K  \l  Purt  r,  imU  W-  aaS-aee.  See  Juumal  ^f  the  Irmv  and  Str4  Imtir^ 
tute,  imw,  No.  IL  p,  567. 

g  Stahi  und  Stsen,  vol.  xilI  pp.  224-'2^27. 
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It  U  uot,  however,  practicable  to  keep  air  entirely  awaj  from 
the  sheets  during  this  process,  and  consequently  all  annealed  sheeti 
show  oxidised  edges.  This  film  is  not  sharply  defined  from  the  iron, 
but  the  oxide  can  be  seen  passing  gradually  into  the  iron.  To  remore 
this  film  only  polishing  is  possible,  acid  treatment  being  now  imprac- 
ticable. Only  ferrous  oxide  is  readily  removed  by  acid,  the  ferric 
oxide  showing  itself  intractable.  It  is  necessary  for  magnetic  pur- 
poses to  ascertain  the  thickness  of  this  oxide  film,  and  the  author  shows 
how  this  may  be  calculated.  The  maximum  thickness  observed  bj 
him  in  tests  referred  to  was  0097  millimetre.  It  consists  mainly  of 
ferric  oxide.  Its  thickness  is  variable,  and  sometimes  so  considerable 
that  it  cannot  be  considered  as  capable  of  being  disregarded,  as  is  so 
frequently  the  case.  It  is  not  possible,  either,  to  assume  any  average 
thickness.  It  is  the  very  thinnest  form  of  sheets  too,  that  is  of  im- 
portance in  electro-technology,  and  the  author's  results  show  clearly 
that  it  is  impossible  to  compare  directly  results  obtained  for  pure  iron 
with  others  from  sheets  still  covered  with  this  film.  The  author  deals 
further  with  this  point. 

The  Rusting  of  Tinned  Iron. — F.  Ulzer's*  experiments  confirm 
tiie  general  view  that  tinned  iron  goods  rust  owing  to  the  presence  of 
niiiiutc  crevices  in  the  surface  of  the  iron  plate,  which  are  not  effectually 
sealed  hy  the  molten  tin  in  the  process  of  dipping.  Oxidation  begins  at 
those  points,  and  extends  under  the  tin  coating,  causing  it  to  separate. 

Iron  Silicide. — P.  Lebeau  t  has  prepared,  by  the  action  of  silicide  of 
copper  on  an  excess  of  iron,  the  crystallised  silicide  of  iron,  SiFe^.  This 
compound  is  hut  little  altered  by  acids  and  alkalies,  with  the  exception 
of  hydrochloric  acid,  concentrated  or  dilute,  which  dissolves  it  com- 
pletely. It  can  be  isolated  from  the  ferro-silicons  used  in  ironworks 
containin<j;  10  to  20  per  cent,  of  silicon,  and  communicates  its  proi>erties 
to  them,  products  containing  more  than  15  percent,  of  silicon  being  at- 
tacked only  with  difficulty  by  nitric  acid  if  they  have  not  been  fiut-ly 
pulverised. 

Copper  in  Iron  and  Steel. — J.  K.  Stead  J  reviews  the  statement? 
and  researches  of  various  authorities  on  the  presence  and  effect  of 

*  Miffh(>hni'/>)i  (hs  k.k.  Tn-hn.  Gncnhr-Musnims  in  Wieii,  vol.  x.  p.  2«>3 ;  Jonmuti 
of  thr  SiU'iftfi  of  Chemical  Indu.stnt^  vol.  xx.  pp.  127. 

t  Comptri  Jit  mhis  df  VAcadiiuic  dta  Scicncs^  vol.  cxxxi.  pp.  583-586. 

X  Jmu'iKtl  of  the  W(H  of  Scotland  Iron  and  Sled  Institute^  vol.  viii.  pp.  4-16.  Sc* 
rIko  the  author's  paper  in  this  volume. 
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copper  in  iron  and  steel.  Very  extreme  views  are  expressed  on  the 
possibility  of  alloying  these  metals,  and  there  is  a  field  for  further 
research  in  this  direction.  The  evidence  is  overwhelming  that  copper 
to  the  extent  of  at  least  0*3  per  cent.,  and  even  much  more  when  the 
sulphur  is  low,  does  not  produce  red-shortness.  Apparently  more  than 
0*4  per  cent,  tends  to  prevent  perfect  welding,  but  smaller  quantities 
are  not  detrimental.  Finally,  the  influence  of  copper  on  the  mechanical 
properties  of  steel  in  the  cold  state  is  certainly  beneficial  within  certain 
limits,  and  much  has  been  done  on  this  and  on  other  points  by  A.  L. 
Colby,  of  whose  work  a  summary  is  given.  A  bibliography  containing 
twenty-eight  items  is  appended, 

F.  H.  Williams  *  has  experimented  on  the  effect  of  copper  in  re- 
ducing the  corrosion  of  soft  Bessemer  steel  and  wrought  iron.  The 
samples  were  frequently  dipped  into  water  and  allowed  to  dry  in  the 
air  for  a  month,  after  which  they  were  cleaned  and  weighed.  With  an 
increasing  percentage  of  copper  the  loss  showed  a  decrease,  as  was  the 
case  with  the  nickel  steel  tested  by  H.  M.  Howe.f 

Vanadium  in  Steel. — An  article  on  vanadium  has  been  published 
by  J.  Baxeres.  J  The  metal  was  discovered  by  Del  Rio  in  a  lead  ore 
from  Zimapan,  Mexico,  in  1801,  and  named  by  him  erythronium.  It 
was  subsequently  discovered  by  Sefstrom  in  1830  in  an  iron  slag  from 
the  Taberg,  in  Sweden,  and  named  vanadium.  In  the  metallurgy  of 
iron  its  employment  is  of  great  importance.  The  presence  of  0*5 
per  cent  of  vanadium  in  mild  steel  doubles  its  tensile  strength. 

Elimination  of  Steel  Particles  firom  other  Metals.—Bom* 

hauser  §  eliminates  fragments  of  steel  from  brass  or  other  metals  by 
dipping  the  material  in  a  warm  or  boiling  solution  of  one  part  of 
alum  in  four  or  five  parts  of  water.  The  steel  dissolves  rapidly  and 
passes  completely  into  solution. 

*  Proceedinffs  of  the  Eru/ineers*  Snciety  of  Western  Pennsylvania^  vol.  xvi.  pp.  231- 
2.33. 

t  Journal  of  the  Iron  and  Steel  Institute,  1900,  No.  11.  p.  567. 

t  Revista  Minera^  vol.  lii.  pp.  1-2. 

§  Mechanische  Zeituny ;  Oesterreichische  Zeitschrift  fUr  Berg-  und  Hiittenwesen,  vol. 
xlix.  p.  87. 
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I.— ANALYSIS  OF  IRON  AND  STEEL. 

Iron  and  Steel  Analysis.— Select  methods  for  the  analysis  of 
iron  and  steel  are  described  in  an  exhaustive  German  work  by  A. 
Classen.*  The  methods  described  are  not  exclusively  of  German 
origin,  detailed  descriptions  being  given  of  methods  devised  by  Abel, 
Atkinson,  Arnold,  Bailey,  Baker,  Blount,  Crookes,  Galbraitb,  Hogg, 
ArMillan,  Rideal,  Roscoe,  Saniter,  Stead,  Thorpe,  Turner,  Warren,  and 
Young.  Of  the  940  pages  covered  by  the  volume,  118  are  devoted 
to  iron  and  steel, 

A  general  account  of  the  chemical  and  physical  laboratories  of  the 
Case  Threshing-Machine  Company  has  appeared,!  with  two  illustra- 
tions of  the  interior. 

Determination  of  Carbon. — R.  Job  and  C.  T.  Davies  J  publish 
a  modification  of  Sargent's  recently  described  process,§  with  con- 
tinuous heating  arrangement,  in  a  simplified  form.  A  combustion 
requires  19i  minutes,  for  the  first  seven  of  which  oxygen,  and  for  the 
remaining  time  air  is  used.  Without  cooling  the  furnace,  a  second 
boat  is  then  introduced,  and  another  combustion  effected  with  fresh 
potash  bul])S,  and  so  forth.  A  full  description  of  the  arrangement  and 
of  the  method  of  use  is  given. 

*  AusntV'nhllr  Mrthod<  n  drr  nnnhitischm  ChemiCy  Brunswick,  1001. 
f  Inni  Afp,  J:\n\iary  24,  IWl,  p[).  4-0. 

X  Journal  of  the  American  Chemical  Society^  vol.  xxii.  pp.  791-797. 
§  Journal  of  the  Iron  and  Sled  Institute,  1900,  No.  II.  p.  574. 
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G.  W.  Sargent  *  finds  that  the  solution  of  potassium  copper  chloride 
may  be  used  several  times  over  for  the  determination  of  carbon  in 
iron  if  chlorine  is  passed  through  it  to  reoxidise  it  When  the  iron 
accumulates  in  the  solution  to  too  great  an  extent,  it  must  be  thrown 
away. 

H.  Goeckel  f  has  designed  a  flask  for  use  in  the  determination  of 
carbon  in  iron.  The  apparatus  differs  from  the  previous  one  of  the 
same  character  by  having  a  wider  ground  neck,  into  which  fits  the 
condenser,  through  which  passes  a  thistle  funnel  tube  reaching  to  the 
bottom  of  the  flask.  The  top  of  the  neck  of  the  flask  is  expanded, 
8o  that  it  can  be  filled  with  water  to  seal  the  apparatus  after  intro- 
ducing the  condenser.  The  side  tube  of  the  flask  is  placed  somewhat 
higher  than  before.  The  acid  mixture  is  poured  through  the  funnel 
tube,  which  is  then  sealed  by  means  of  a  glass  rod.  At  the  lower  end 
of  the  condenser  is  fitted  a  small  slightly  bent  hook  supporting  a  little 
glass  bucket  containing  the  sample.  By  a  slight  jerk  this  is  made 
to  drop  into  the  acid. 

In  the  estimation  of  carbon  in  ferrochrome,  A.  A.  Blair  J  places 
25  grammes  of  pure  potassium  hydrogen  sulphate  in  a  platinum  boat 
and  fuses  it  over  a  bunsen  burner  to  destroy  any  carbonaceous  matter. 
When  cold  one  gramme  of  the  finely  powdered  sample  is  sprinkled  over 
it,  and  the  boat  is  inserted  into  a  larger  one,  which  is  then  fitted  with 
a  cover  so  arranged  that  any  particles  spirted  up  from  the  melting 
mass  run  into  the  larger  boat.  By  this  means  the  combustion  tube  is 
kept  clean.  The  plugs  are  made  of  pumice  wrapped  with  platinum 
foil,  and  are  pushed  in  after  the  boat  The  use  of  india-rubber  stoppers 
is  entirely  avoided. 

The  combustion  is  made  in  a  slow  current  of  purified  oxygen,  the 
bulk  of  the  liberated  sulphuric  acid  condenses  in  the  tube  containing 
the  beads,  and  the  gases  are  then  passed  through  two  glass  flasks  kept 
hot,  and  containing  a  solution  of  chromic  acid  in  sulphuric  acid  to 
retain  any  sulphur  dioxide.  After  passing  over  pumice-stone  saturated 
with  chromic  acid  and  over  calcium  chloride,  the  carbon  dioxide  is 
finally  absorbed  in  the  usual  manner  and  weighed.  The  guard  tube  of 
the  absorption  apparatus  is  connected  with  a  gasometer,  which  acts  as 
an  aspirator  and  relieves  the  pressure  in  the  apparatus,  which  other- 

*  Jownal  of  the  American  Chemical  Society ^  vol.  xxii.  p.  210. 
t  Zeitschrift  fUr  AngncaiuUc  Chemie,  1900,  p.  1034. 

X  Journal  of  the  Amei'ican  Chemical  Society ,  vol.  xxii.  pp.  719-723;  Jmu-nal  of  the 
Chemical  Society^  vol.  Ixxx.  pp.  74-75. 
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wise  might  become  excessive  owing  to  the  condensation  of  sulphuric 
acid  in  the  bent  tube.  I 

Determination  of  Phosphorus. — V.  Meurer*  describes  the  cen- 

trifugal  apparatus  manufactured  by  Peters  and  Kost  of  Berlin,  and  iU 
application  to  the  determination  of  phosphorus.  The  Braan  centrifagal 
apparatus  now  so  commonly  used  in  the  separation  of  the  moljbd&te 
precipitate  enables  fourteen  samples  to  be  treated  simultaneously,  aod 
is  very  useful  where  many  determinations  have  to  be  made  at  the  same 
time.  This  advantage,  however,  ceases  when  it  is  only  a  question  of 
a  single  analysis,  the  apparatus  being  cumbersome.  The  other  appa- 
ratus now  illustrated  and  described  by  the  author  is  very  simple,  and 
can  be  screwed  on  to  any  table  and  set  in  motion  by  hand.  It  has 
given  much  satisfaction  in  the  laboratory  of  the  Burbacher  Worka 

Determination  of  Manganese. — H.  Jervis  t  finds  that  the  process 
in  which  manganese  is  oxidised  to  permanganate  by  the  oxides  of  lead 
is  not  always  accurate. 

Determination  of  Silicon. — A  number  of  letters  have  been 
published  X  on  the  question  of  the  time  taken  for  the  determination  of 
silicon  in  iron.  The  time  given  varies  from  twelve  minutes  upwards 
for  a  single  test.     In  one  case  a  minimum  of  6i  minutes  is  given. 

The  use  of  the  electric  furnace  has  led  to  the  manufacture  of 
"  metallic  "  silicon  and  silicon  alloys.  B.  Neumann  §  points  out  that 
it  is  proposed  to  use  the  silicon  "  metal "  as  made  in  steelwork  prac- 
tice as  a  substitute  for  aluminium  and  as  a  direct  addition  to  the 
ladle  for  certain  special  kinds  of  steel.  The  analysis  is  not  easy,  in 
that  the  silicon  is  not  soluble  in  ordinary  hot  acids,  but  only  in  a 
mixture  of  nitric  acid  and  hy«lrofluoric  acid,  or  in  hot  concentrated 
solutions  of  potash  or  soda.  The  best  method  is  to  place  100  cubic 
centimetres  of  a  10  per  cent,  solution  of  hot  caustic  soda  in  a  silver 
dish,  and  tlieii  to  charge  in  little  by  little  one  gramme  of  the  very  finely 
powdered  silicon.  The  whole  is  then  heated  on  the  water-bath  until 
an  evolution  of  hydrogen  can  no  loniier  be  detected.  After  dilution 
the  residue  is  filtered    off  and  well  washed.     This    residue    contains 

*  >)t(ihl  tnul  Kisen,  vdI.  xxi.  p.  128  ;  one  illustration. 

f-  Chniu'cal  Xcu'-f,  vul.  Ixxxi.  i»n.  171-172. 

::  Iroii  Trade  Jievior,  March  7,  liK)l.  p.  10  ;  March  21,  ]..  11. 

$  Chcmikcr  Z'Jtuwj,  vol.  xxir.  pp.  sr,9-870,  88S-S89. 
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droxideB  af  iron  and  aluminium  (some  of  the  alumina  passing  into 

e  filtrate)  toi^^etUer  with  lime,  ferro-silicon,  free  ailica,  and  silicon 

jbide*     This  residue  is  first  extracted  with  hot  hydrochloric  acid  to 

ie  it  from  iron,  alumina,  and  lime,  then  with  nitro-hydrochloric  acid 

decompose   the   ferro*silicon  present ;   the  difference  in   weij^ht  is 

eter mined,   and   the   silica   determined  by  evaporating  with  Iiydro- 

uoric  acid.     The  residual  silicon  carbide  can  thus  also  be  determined. 

he  silica  in  the  Hltrata  is  litstermined  much  iu  the  usual  way.     Of 

nine  samples  of  metaUic  silicon  produced  in  the  electric  fiirnaue,  six 

contained  from  93 '83  to  97 "52  per  cent,  of  silicon,  0*10  to  1'04  per 

^4>ent.  of  iron,  0  0  to  0*53  per  cent,  of  aluminium,  O'lS  to   0*37  per 

iTit  of  calcium,  and  ati  umiissolved  residue  of  ferro-silicon,  silica,  and 

silicon  carbitle,  amounting  to  from  1'95  to  4 "63  per  cent*     The  other 

three  samples  were  yery  impure.     One  contained  80*85  per  cent  of 

sihcoB,  and  another  as  little  as  70-67   per  cent.    The   undissolved 

residtie  varied  from  17'12  to  23-75  per  cent.     Of  this  10^82  to  10  40 

per  cent,  was  carbide*     These  examples  sliow  that  stich  commercial 

silicon  may  be  distinctly  impure.     The  speci^c  giayity  enables  some 

c}ieck  on  this  to  be  obtained,  as  the  specific  gravities  of  the  six  best 

samples  varied  from  2*26  to  2-32,  while  those  of  the  impure  samples 

were  higher,  ranging  op  to  2"T0* 


Determination  of  NickeL— -A  rapid  volumetric  method  for  the 
determination  of  nickel  in  steel  is  given.*  It  depends  on  the  forma- 
tion of  a  double  cyanide  of  nick^^l  and  potassium  when  ])Otassium 
cyanide  is  added  to  an  alkaline  solution  of  a  nickel  salt.  Tiie  excess 
of  the  reagent  is  determined  by  the  solution  of  iodide  of  silver  sus- 
pended in  the  solution. 


Analysis  of  FerroSilicona.— F.  Ibbotson  and  H.  Brearley  t  state 
that  ferrO'sUicon  and  sihco-spiegel  not  being  amenable  to  treatment 
with  copper  sohitions,  the  total  carbon  is  estimated  by  combustion  in 
a  current  of  oxygen  ;  the  graphite  by  treating  S  to  3  grammes  with 
70  to  100  cubic  centimetres  of  nitric  acid  of  specific  gravity  r2, 
exciting  and  gently  maintaining  the  action  by  adding  a  few  drops  of 
hydrofluoric  acid  i  the  graphite  is  collected  and  washed  successively 
with  water,  boiling  sodium  hydroxide,  dilute  Ijydrochloric  acid,  and 
in   with    water,    and   ultimately    burnt  with   oxygen.     Silicon   is 

'  /rm^  attd  Ciml  Trade*  HtvUvf^  vol.  IxL  |ip*  1158-1150. 
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pvstimated  by  boiling  2  grammes  of  the  fiiiet)'-poirdered    alloj,  utit^H 

decompogkiou  is  complete,  with  50  cubic  centimetres  of  coiieentr&te^B 
hydrochloric  acid  and  10  to  20  cubic  centimetres  of  nitric  acid,  ^iddlo^H 
twice  the  volume  of  water,  filtering  at  once,  witshing  with  ililtiG^I 
hydrochloric  acid,  ignititig  and  weighings  a  correction  of  0*1  p€r  cenf^f 
for  soluble  siUea  baing  made*     Manganese  is  estimated   by  dlssolni|^| 

1  gramme  in  50  cubic  centimetres  of  nitric  acid  of  specific  gravitj  I1^| 
and  1  or  2  cubic  centimetres  of  hydroilaonc  aciJ,  cooling,  adding  ^^M 
cubic  centimetres  of  water^  then  about  2  grammes  of  sodium  bismutb^l 
ate,  filtering,  adding  standard  hydrogen  peroxide,  and  titrating  vidjH 

I  iVy  10  permanganate.  With  silico-spiegels,  the  solution  of  the  alloy  iiT 
made  up  to  100  cubic  centimetres,  and  25  cubic  ceatimetrea  *ns  I 
treated  with  nitric  acid,  &c^     The  phosphorus  is  estimated  by  treatiitg    I 

2  grammes  of  the  finely  powdered  alloy  with    45  cubic   eentmetr«£    i 
of    nitric    acid    of    specific    gravity    V2    and    25  to    30     drops   of 
hydrofluoric  acid,  the  latter  treatment  being  once   repeated  when 
action  first  subsides;  when  decomposiuou  is  complete,  permanganate 

is  ad  tied  until  manganese  dioxide  is  precipitated   and    then    ferrous 
sulphate  to  clear  the  aolution^  which  is  filtered,  treated  with  6  to  ifl 
cubic  oeutimetres  of  ammonia,  precipitated  with  ammonium  tnolybdfit^, 
and  the  lead  niolybdate  weighed ;  any  phosphorus  in  the  hydrofluoric 
acid  must  be  allowed  for. 

Analysis  of  Tungsten  and  Chrome  Steel— McKenna's  process^ 

for  the  estimation  of  tungsten  and  chromium  in  steels  is  criticised 
Otto  Herting.t     The  author  gives  a  new  process  for  the  estimation 
the  tungsten.     One  to  three  grammes  of  the  ferro- tungsten  are  treat 
with  nitrodiydrochloric  acid  and  evaporated  twice  with  nitric  acid  oij 
the  water-batL     The  mass  is  dried  at  120'  and   then    dissolved 
dilute  nitric  acid;    then   insoluble  matti^r,   consisting    of    tungsten 
trioxide,  silica,  and  a  little  ferric  oxide,  is  fused  with  sodium  cai4>oo^ 
ate  and  the  fused  mass  treated  with  water,  when  a  residue  of  ferric^ 
oxide  18  left,  which  should  be  tested  for  traces  of  silica^     The  fi Itrat^^ 
is   evaporated   t^vice  with  nitric  acid,  and  the  residue   treated   with 
dilute  nitric  acid,  which  leaves  the  silica  and  tungsten  tri oxide  un- 
dissolved.    These  are   collected  and  weighed,  and  then  fused  with 
five  times  their  weight  of  potassium  hydrogen  aulphate;  the  fnied 

•  JoitM-jjal  of  the  Iran^nd  ^Hi  ht^titutf,  I'JOO,  No.  II,  p.  580. 
tJBooi$t»^  ToL  Uzx.  pp.  2&4-28Gi 
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nosa  is  digastad  with  a  cold  loltitioD  of  ammonium  crarbonatej  which 

liftsolves  the  tungsten  trioxide  and  leaves  the  silica  undissolved ;  the 

lattar   is  wei*:hetl  and  the  former  obtained   by  the   differencse.     The 

tungsten    may   also    be    estimated   volumetric  ally   by   suspending   a 

reil-wasiied   moist  precipitate  of  silica  and  tungsten  trioxide  in  hot 

Fater  and  titrating  with  normal  aodinm  hydroxide,   using   phenol- 

iihthalein  as  indicator.     One  cubic  centimetre  of  the  solution  ==0'092 

gramme  of  tungsten. 

^-      According   to   F.  Ibbotson  and  11.   Bread ey  *  manganese  is  esti* 

^Kmated  in  tungsten  powder  and  alloys  by  treating  1  gramme  with  10 

^■cubtc  centimetres  of  hydrotiuonc  acid  and  4  cubic  centimetres  of  nitric 

^acid,   adding,    when   action   slackens,   ^   or   3   cubic   centimetres   of 

sulphuric  acid,  then  oxidising  and  titrating  iu  the  usual  way.    As 

a  rule,  these  alloys  and  powders  contain  less  than  a  half  per  cent,  of 

manganese;   in  the  case   of  alloys  sometimes   met  with,  containing 

'      10  per  cent,  of  inaiiganese,  not  more   than   Oi    gramme   should   be 

used. 

IIu  the  estimation  of  chromium  in  alloys  of  iron,  chromium^ 
tungsten,  and  manganese^  the  alloy  iB  digested  with  &  mixture  of 
aulphuric  and  hydrofluoric  acids,  treated  with  a  few  grammes  of  solid 
permanganate^  then  diluted  and  boiled  with  excess  of  permanganate 
utitii  solution  is  complete.  Or  it  may  be  dissolved  in  nitro-hydro- 
fluoric    acid,    boiled   with   sulphuric   acid   until   sulphur   trioxide   is 

»  evolved,  and  then  be  diluted  for  further  treatment. 
According  to  F»  Ibbotson  and  H.  Brearley,!  five  grammes  of  the  steel 
or  alloy  are  digested  below  the  boiling-poittt  in  100  cubic  centimetres 
of  strong  hydrochloric  acid,  with  nitric  acid  in  quantity  only  slightly 
above  that  required  to  keep  the  iron  in  the  ferric  state ;  the  solution 
is  boiled  until  the  tungsten  trioxide  commences  to  separate ;  it  is  then 
diluted  witli  at  least  twice  its  volume  of  water  and  boiled*  The  pre- 
cipitate of  tungsten  trioxide,  silica^  and  a  little  iron  is  further  treated. 
When  ferro-tungstens  are  treated  in  tliia  way,  the  tungsten  remaining 
in  solution  must  he  recovered  by  evaporation  and  included.  With 
nickel- tungstens,  hydrofluoric  and  nitric  acids  are  required,  the  latter 
being  ultimately  expelled  by  boiling  with  sulphuric  acid ;  the  solution 
is  then  diluted  and  filtered,  and  the  tungsten  trioxide  weighed  whilst 
the  nickel  is  estimated  cyanometrically.  If  silica  and  molybdenum 
are  also  to  be  determined  in  the  nickel- tungstens,  hydrochloric  and 


190t— i. 


•  Ohmic^  iTftf*,  vt»L  Ixxxii*  pp.  20<J-210. 
i  /6u£*,  vol  Ixxxii,  pp.  224-225. 
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not  hjrdrofluoric  acid  \b  lased.  Tungsten  molybdenain  eteels  are  UtMki 
ill  quftn titles  of  from  2  to  3  grammes  with  hydrochloric  and  nitnc  tdd^ 
evaporated  to  pastinoss,  hoiletl  with  dilute  hydrochloric  acid,  Uw 
tungsten  trioxide  wetgheij,  and  the  molybdenum  estimated  as  lead 
molybdate* 

In  addition  to  the  ordinary  constituents  in  tungsten  powden^  t 
substance  in  the  form  of  bronze  to  brown  cubes  or  tetrahedra,  ^ 
a  specific  gravity  of  7 '3,  has  been  isolated  by  sifting  throng^h  a  ^^ 
niesb  sieve,  boiling  a  portion  witli  sodium  liydroxide,  wasbin^^  drjingp 
digesting  with  nitrodiydrofluoric  acid»  and  washing  and  boiling  Uit 
residue  with  sodium  hydroxide* 

E,  Bagley  and  H.  Brearley*  state  that  in  working  by  Schoffel'i 
method,  the  residue  is  liable  to  contain  a  variety  of  substances  which 
are  largely  eliminated  by  using  the  following  modi^cation,  Fivf 
grammes  of  the  sample  are  digested  at  the  boiiing-point,  and  occasionally 
shaken  with  50  grammes  of  crystals  of  euprammonium  cbloride,  100 
cubic  centimetres  of  watery  and  50  cubic  centimetres  of  strong  hydro- 
chloric acid  A  little  while  after  the  precipitated  copper  has  diisQl?^ 
the  solution  is  filtered  and  the  residue  washed  with  dilate  hydrocbloi 
acid,  ignited,  silica  volatilised  by  treatment  with  hydrofluoric  aci<l, 
residue  fused  with  sodium  carbonate,  dissolved  in  water^  and  the  fe 
oxide  ignited,  &c.  The  filtrate,  if  yellow,  is  acidified  with  sulphuric 
acid,  treated  with  ferroua  sulphate,  titrated  with  permanganate, 
calculated  into  cbromic  oxide ;  lIiis,  together  with  the  ferric  oxide, 
deducted  in  order  to  obtain  the  percentage  of  tungsten.  Wttb 
than  1  per  cent*  of  tungsten,  only  10  per  cent,  of  hydrochloric 
should  be  used  in  the  euprammonium  solution,  otherwise  the  results 
obtained  may  be  low.  Molybdenumj  if  present,  may  or  may  not  pass 
into  solution;  part  of  the  silicon  also  is  dissolved;  silicon  cann< 
therefore  be  estimated  by  the  loss  on  treatment  with  hjdrofl 
acid. 


IL— ANALYSIS  OF  IRON  ORES  AND  SLAG. 

Deterniiiiation  of  Iron.— Hillebrandf  >ind  Stokes  hav€  investi 

gateil  the  relative  values  of  the  Mitsclierlisch  ami  the   bydrofiuorie 
acid  methods  of  dfierniining  ferrous  iron  in  niinerals.     The  forme; 
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*  Ch^micat  Nftt%  vot  Ixvxii,  jip,  270-271. 

t  J^ttrnAl  of  the  American  Ckemicat  iSi^ieisft  v©L  XKsi*  p,  62&. 
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irocegs,  in  which  tlie  material  la  decomposed  hj  Bulphuric  acid  In  a 

osed  vesiel,  is  rendered  untrustworthy  by  the  rediicitig  action  of  the 

tulphiiies  present  on  the  ferric  salts  produced, 

According  to  J.  W*  Richards,*  a  specific  gravity  test  of  such  ores^ 

hieh  art;  simply  mixtures  of  magnetite  and  quartz,  may  be  as  accu- 

'lit^  as  an  analysis.     Samples  weighing  from  1   to  50  lbs,  should  be 

jsted,  according  to  the  kind  of  balance  available.     The  results  should 

accurate  to  0-1  ^  and  may  bo  so  from  002  to  0^03  per  cent*,  which  is 

equivalent  to  a  maximum  error  of  I  to  3  per  cent,  on  the  iron  contents* 

table  is  given  showing  the  percentage  of  magnetic  oxide  (or  iron) 

and  sihca  in  magnetite,  with  the  corresponding  specific  gravity  of  the 

sample. 


Betermination  of  PhOBphoms.— *In  the  estimation  of  phosphorus 
in  ores  containing  arsenic  by  a  method  proposed  by  J,  M,  Camp^t  five 
grammes  of  pulverised  dry  ore  are  gently  boiled  for  thirty  minutes  with 
hydrochloric  actil,  the  solution  diltitetl,  filtered,  and  exposed  on  a 
steam-bath  overnight.  In  the  morning,  two  grammes  of  pure  oxalic  acid 
and  50  cubic  centimetres  of  hydrochloric  acid  are  added,  the  solution 
covered  with  a  watch-glass,  taken  to  dryness  sharply,  but  not  baked, 
then  J  when  cool,  evaporated  with  30  cubic  centimetres  of  strong  hydro- 
chloric acid  until  the  first  appearance  of  insoluble  ferric  chloride, 
treated  with  10  cubic  centimetres  of  strong  nitric  acid,  and  when 
violent  action  has  ceased,  warmed  to  complete  solution,  diluted,  and 
mtered  into  a  flaskj  washing  with  2  per  cent,  nitric  acid,  Tiie  portion 
of  the  ore  insoluble  in  hydrochloric  acid  is  ignited,  fused  with  mixed 
carbonates,  dissolved  in  excess  of  hydrochloric  acid  allowed  to  dry 
overnight  in  a  steam-bath,  moistened  with  dilute  hydrochloric  acid 
and  enough  hot  water  to  ilissolve  chlorides,  warmed,  filtered,  added 
to  the  contents  of  the  other  flask,  and  the  phosphorus  determined  in 
the  whole,  in  the  manner  described.  The  method  is  applicable  to 
the  analysis  of  pig  iron  and  stee). 


Detarmination  of  Alumina. — According  to  J.  M.  Camp,  j  a 

gramme  of  the  ore  or  cinder  is  treated  for  silica,  and  the  cold  hydroehJoric 

add  filtrate  is  diluted  to  about  400  cubic  centimetres  and  treated  with 

[30  cubic  centimetres  of  a  10  per  cent  solution  of  ammonium  jjhos' 

•  Journal  of  the  Amcrknn  Chtmmil  Soviet}/,  vol  txii.  pp.  797  708. 

t  Proeredinffa  tyfiht  En^i-rirrrf*  Societif  of  WfRlnrti  Prnn^ph'anut,  voK  nrL  pp*  S^SBt 

t  Ibid,,  pp.  6^60. 
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phiite^  aod  then  with  ammonia  until  a  faint  precipitate   forms; 
cubic  centimetres  of  strong  lij'drochlortc  acid  are  added,  and  for  orsi 
50  cubic  centimetres,  fur  cinder  30  cubic  ct?ntimetres  of  a  20  peT  ^ 
Boiution  of  sodium  tbiosulpbat-e*     The  mixture  is  heated  to  boil 
8  cubic  centimetres  of  strong  acetic  acid  and  15  cubic  centime 
of  20   per  cent   solution   of  ammonium  acetate  are  added,  and  tlT 
whole  boiled  for  ten  minutes^  allowed  to  subside,  the  clear  solati 
decanted,   precipitated^  filtered,  and   washed   on   the   filter  with 
water  ten  times,  but  not  more,  as  aluminium  pboiiphate  is   sltghfl 
ioluble.     The  precipitate  is  ignited  in  a  ptatinum  crucible  lo  front  of 
the  muffle  until  the  paper  chars,  then  finished  in  tlie  hottest 
41^85  per  cent>  of  the  weight  is  alumina. 


ir  orn 

[>ifl 
netfl 

.aid 
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Determlnatioil  of  Tungsten. — F,  Bdlnheimer*  observes  lIia£ 
the  analysis  of  tungsten  ores  presents  considerable  difficultiea.  It  is 
better  to  fuse  them  with  sodium  peroxide  than  with  soda  and  nitre,  or 
than  it  is  to  treat  them  with  nitro-liydrochloric  acid,  I'he  method  he 
adopts  is  as  follows : — From  1  to  2  grammes  of  the  finely  powderwl 
ore  is  mixed  in  a  nickel  crucible  with  4  grammes  of  sodium  peroridn; 
about  3  grammes  of  caustic  soda  is  added  in  lump  form^  passing  it 
ri^ht  through  the  mixture  until  it  touches  the  bottom  of  the  crucible. 
The  wliole  is  then  heated  gently  until  it  has  softened,  and  then, 
stirring  constantly,  with  the  full  flame  of  the  burner,  until  it  has 
become  thin  fluid.  Any  tin*stone  present  remains  undissolTed,  while 
wolfram  is  completely  decom  posed »  The  crucible,  while  still  hot^  b 
placed  in  a  beaker  containing  some  water,  and  the  solution  $ubi<?- 
quently  brought  into  a  250  cubic  centimetre  flask.  If  it  is  colourtd 
green  by  manganatei  it  should  be  decolorised  by  the  use  of  hydrogen 
peroxide.  Any  deposit  is  filtered  off,  and  to  one-half  of  the  solution 
20  grammes  of  ammonium  nitrate  is  added.  Silica  and  stannic  aciH, 
if  present,  are  allowed  to  separate  by  settling,  and  then  magnesium 
nitrate  is  added  in  small  quantities  for  the  precipitation  of  arsenic  and 
phosphoric  acids.  After  standin^^  for  six  to  twelve  hours  the  precipi- 
tate is  filtered  olT,  washed  with  ammonia,  and  then  with  water.  U 
the  siltca  and  stannic  acid  are  not  allowed  to  settle  out  befof^  the 
magnesia  addition,  the  precipitate  produced  will  be  found  to  can  tain 
tungsten.  The  ammoniacal  solution  is  made  feebly  acid  with  nitric 
acid,  and  when  cold  there  is  added  to  It  from  20  to  30  cubic  centi- 
metres of  a  solution  made  by  dissolving  200  grammes  of  mereu 

•  Chcmiker  Zeiimng^  vol  ^tiv,  p,  S7(k 
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I  ait  rate  in  980  cubic  centimetres  of  water  and  20  of  concentrated  nitric 

iioid.    Some  hourt  are  iillowed  to  elapse^  and  then  the  free  acid  present 

Ha  nearly  neutralised  with  ammonia.     The  whole  ia  then  allowed  to 

little,  after  which  it  ia  filtered,  washed  with  water  containing  mercury 

rijitratef  and  suhsequently  with  water.     The  filter  is  then  allowed  to 

I  dry,  and  is  afterwards  burnt,     Th«  residue  is  ignited  strongly  until 

Hie  weight  Ib  constant.     If  much  molybdenum  is  present  this  latter 

operation  may  take  somewhat  long*     It  is  more  rapidly  effected  if 

I  after  the  first  strong  ignition  some  ammonium  chloride  is  added  to 

Hhe  mixture. 


^ 
^ 


Analysis  of  Titaniferous  Iron  Ores,— J,  H,  L.  Vogt^  describes 
the  method  for  tlia  determination  of  titanic  acid  in  iron  ores  which  is 
In  use  at  the  Metallurgical  Laboratory  at  Christiania,  The  ore  is  first 
treated  with  hydrochloric  acid,  ami  the  undissolved  residue  fused  with 
sodium-potasdum  carbonate.  The  silica  is  determined  as  usual  by 
evaporation  with  hydrochloric  acid^  but  as  it  always  contains  some 
titanic  acid,  it  is  treated,  after  being  w^eighed,  with  hydrofluoric  and 
sulphuric  acids. 

In  the  comidete  analysis  ammonia  and  bromine  are  used  to  effect 
S  precipitate^  and  this  is  then  ignited  at  a  low  temperature,  and 
the  weiglit  of  the  mixed  Fep^,  ALO,,  Unfi^,  P^O^,  and  TiO^  then 
ascertained*  These  substances  are  ili&solved  with  hot  concentrated 
hydrochloric  acid,  and  that  portion  of  the  titanic  acid  obtained  from 
the  silica  is  brought  into  sol uL ion  by  fusion  with  potassium  hydrogen 
sulphate.  The  solution  containing  these  substances  is  then  exactly 
neutralised,  and  a  few  drops  of  sulphuric  or  hydrochloric  acid  added 
in  excess.  The  ferric  salt  present  is  reduced  by  sul^dmrous  acid,  and 
the  solution  is  then  largely  diluted  and  boiled  for  at  least  an  houn 
An  impure  titanic  acid  settles  out,  Tiiis  contains  alumina,  phosphoric 
acid,  and  some  ferric  oxide.  It  is  filtered  through  a  double  filter^  and 
treated  in  the  same  way  as  before.  The  residue  is  then  fused  with 
pure  soda  for  a  considerable  time  be  to  re  the  blowpipe,  when  alumina 
and  phosphoric  acid  are  converted  into  soluble  sodium  salts,  while  the 
titanic  acid  forms  a  sodium  titanate  insoluble  in  cold  water.  This  is 
filtered  off,  washed  with  cold  water,  dissolved  in  hydrochloric  acid, 
and  after  neutralising  and  adding  sulphurous  acid,  is  precipitated  in 
the  manner  above  described.  The  quantity  of  the  substance  taken 
for  analysis  is  2*5  grammes, 

•  StiUehrifi  fur  praktiich^i  Gtoiim^,  ^ol,  viii.  pji,  370-382., 


530  THE  IRON  AND  8TBIL  INDjCTSTRIBS. 

The  Analysis  of  Blast-Furnace  Blag.— H.  Jouet*  give*  & 
scheme  for  the  analysis  of  blast-furnace  slag.  One  gramme  is  fused 
with  potassium  and  sodium  carbonates,  and  the  solution  obtained 
from  it  is  used  to  determine  the  silica  and  sulphur.  After  the  re- 
moval of  these  constituents  the  solution  is  divided  into  two  parts. 
One  representing  0*4  gramme  is  used  for  determining  titanium,  then 
phosphorus,  and  then  the  iron.  The  other  part  of  the  solation,  it- 
presenting  0*6  gramme  of  the  sample,  is  used  for  the  estimation  of 
manganese  by  precipitation  as  acetate,  and  the  filtrate  therefrom  is 
used  to  determine  the  nickel,  cobalt,  and  finally  the  lime  and  magnesiiL 
The  methods  adopted  are  described,  and  also  those  used  for  finery 
slag,  Bessemer  slag,  basic  slag,  and  tap  cinder. 

T.  Ulkef  determines  the  lime  contents  of  blast-furnace  slags  bj 
dissolving  0*5  gramme  of  slag  in  boiling  nitric  acid,  neutralisiDg 
with  ammonia,  and  precipitating  the  lime  at  once  with  ammonium 
oxalate.  The  calcium  oxalate  formed  is  then  treated  with  per- 
manganate. 

Determination  of  Phosphoric  Acid  in  Basic  Blag.— A  N. 

Papez  X  states  that  the  conventional  methods  for  the  estimation  of  tbe 
citrate  solubility,  the  citric  acid  solubility,  the  solubility  in  5  per  cent 
formic  acid,  and  the  total  phosphoric  acid,  all  give  satisfactory  results. 
As  regards  the  Austrian  nitric  acid  method  for  estimating  the  phos- 
phoric iicid,  the  author  recommends  boiling  the  slag  with  nitric  acid 
of  specific  gravity  1*25. 

Norbert  von  Lorenz§  states  that  mineral  phosphates  almost  invari- 
ably contain  fluorides ;  therefore,  when  fluorine  is  present  in  a  basic 
slag,  an  admixture  of  mineral  phosphate  is  probable.  The  method 
formerly  recommended  by  the  author  is  not  suitable  for  basic  slag 
on  account  of  its  being  interfered  with  by  the  presence  of  sulphides. 
To  detect  fluorine  in  basic  slag,  the  convex  side  of  the  watch-glass 
is  covered  with  a  piece  of  filter-paper  moistened  with  a  6  per  cent, 
aqueous  solution  of  soda;  the  paper  is  then  washed  with  a  little 
water,  and  the  liquid  is  tested  for  fluorine  by  adding  acetic  acid  and 

*  School  of  Mhui<  Quartcrh/,  vol.  xxii.  pp.  140-152. 

t  ^fonit<  nr  .Scirnti/itfuc,  vol.  xiv.  ii.  p.  775. 

X  Chemi\schcs  Cditralhhitt,  10<K),  ii.  pp.  1213-1214;  Journal  of  tk^  Chemical  SiKtctt/, 
vol.  Ixxx.  pp.  192  ]1C). 

§  Chemisdiis  CcntraPMitt,  11)00,  ii.  p.  1213;  Journal  of  the  Chemical  Society,  vol.  Ixxi. 
p.  193. 
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balcfum  acetate,     A  turbidity  or  precipitate,  either  before  or  after  boil- 
ling,  allows  the  preseuce  of  fluorine,     Buperphospbatea,  bone-meat^  and 
animal  ebarooal  may  be  similarly  tested  for  mineral  phosphates 


111.— fu:el  analysis. 


Heating   Value   of  FueL — Hermann  Langbeiu  *  has  written   a 

lengthy  paper  tiontaiuing  a  very  large  number  of  full  analyses  of 
wood,  peat,  lignite  (brown  eoal)^  briquettes,  coals,  anthracite,  and 
coke ;  also  paraffin  oil,  petroleum,  ben^ineSj  &c.  It  is  stated  that 
the  heating  values  of  these  substances  is  better  ohtairied  by  direct 
experiment  than  by  calcah^ti«ll  from  the  elementary  com  position. 
The  author  prefers  using  a  Krokcr^a  bomb,  the  crucible  of  whieh  is 
lined  with  platinum  foil  instead  of  being  enamelled.  Full  particulars 
are  given  as  to  the  best  methods  of  operation  and  calculation. 


Setermination  of  Fbosphorus  in  Coke  and  CoaL — According 

to  J,  M,  Camp,t  the  coke,  powdered  to  pass  througli  a  forty*meah 
Steve,  is  dried  at  100''  for  an  hour,  and  when  cool  5  grammes  are 
exposed  in  a  porcelain  crucible  in  a  muffle  overnight;  the  contents  are 
next  morning  transferred  to  a  platinum  crucible,  supiiorted  on  a 
platinum  tripod,  on  the  top  of  the  chimney  of  an  Argaud  burner,  and 
heated  below  boiling  with  5  cubic  centimetres  of  dilute  hydrochlorio 
acid  (1:2)  and  10  cubic  centimetreB  of  dilute  hydrofluoric  acid  until 
dry,  further  dried,  but  not  baked,  allowed  to  cool,  and  warmed  with 
15  cubic  centimetres  of  the  dilute  hydrochloric  acid,  Tiie  contents 
are  transferred  to  an  evaporating  dish,  boiled  for  one  or  two  minutes 
with  5  cubic  centimetres  of  strong  nitric  acid,  filtered,  treated  with  25 
cubic  centimetres  of  strong  ammonia,  and  then  with  suflicieut  strong 
nitric  acid  to  exactly  dissolve  the  precipitate,  after  which  5  cubic  centi- 
metres more  is  added.  Precipitation  with  molybdate  follows,  and 
VtZ  per  cent  of  the  dried  precipitate  is  taken  as  phosphorus,  « 

*  Ztitichrift  f^}*  iintftwandit  CktmU,  1900.  pp,  1227-1238.  1259-1272;  Jo^i-v^l  t>f  lA€ 
€hemic<(il  Btciet^,  vol.  Im,  p,  12S» 
t  PrGC€tdinsa  Qftht  E^intcri  Society  o/  Wrtttm  Penifti^hmma,  vol.  ivi*  pp.  56-56, 
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I,— UNITED  KINGDOM, 

Mineral  Statistics. — According  to  the  official  report  of  Her 
Majesty's  Inspectors  of  Mines,*  the  production  of  coal  in  the  United 
Kingdom  in  1900  amounted  to  225,170,163  tons.  The  production 
(luring  the  previous  year  was  220,094,781  tons.  There  were  employed 
at  mines  under  the  Coal  Mines  Inspection  Acta  780,052  persons. 

The  l]ritish  production  of  iron  ores  under  the  Coal  and  the  Metal- 
liferous Mines  Acts  was — 

Toes, 

Coal  Mines  Act       ........     7,067,578 

Metalliferous  Mines  Acts I,8ti3,714 


Total 


9.531,292 


Sir  Lowthian  Bell  f  discusses  the  question  of  American  competition 
with  the  iron  and  steel  trade  of  Great  Britain.  Considerations  of  the 
cost  of  carriage  lead  him  to  take  an  optimistic  view  of  the  future  in 
his  own  country. 


*  "  Mines  and  Quarries  ;  General  Report  and  Staiistica  for  1900,"  Part  I.  pp.  10-11. 
t  Presidential  Address  to  the  Institution  of  Junior  Engineerv,  December  1900. 
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A  short  description  *  of  the  Elswick  Works  has  appeared  accompanied 
by  excellent  illustrations.  The  establishment  at  the  present  time 
employs  25,000  workmen.  Mention  is  made  of  the  productions  of 
the  firm. 


Iron  Trade  Statistics. — The  British  Iron  Trade  Association  re- 
ports t  the  production  of  iron  and  steel  in  the  United  Kingdom  in 
1900  to  have  included — 

Tons. 
8.908,570 
1,162,765 
1,745,004 
1,253.903 
491,101 
759,844 
3,156,050 
2,8P2,566 
293,485 


Total  pig  iron 

Wrought  iron 

Bessemer  steel  ingots     . 
,,  „  acid 

,,  „  basic 

,,  ,,  rails 

Open-hearth  steel  ingots 

,,  „  acid 

„  ,,  basic 


Imports  and  Exports. — According  to  the  Board  of  Trade  re- 
turns,! ^^16  exports  from  the  United  Kingdom  during  1900  were  as 
follows  : — 

Tons. 

PiRiron 1,428,549 

Hoops,  sheets,  niid  plates 85,022 

Bar,  angle,  bolt,  and  rod 157,114 

Railroad  iron 463,960 

Wire 38,488 

Tin-plates '     .        .         .  273,955 

Cast  and  wrought 339,470 

Unwrought  steel 308,39(J 

Steel  and  iron  manufactures 42,263 

Tiie  imports  were  as  follows  : — 

Iron  ore 0,21>7,87.S 

rig  iron 181,151 

Bar,  angle,  bolt,  and  rod 80,154 

Unwrought  steel 179,341 

Girders,  beams,  and  pillars 93,176 

Unenumerated 225,468 

759,290 

Coal  Resources. — Further  discussion  has  taken  place  §  as  to  British 
coal  resources  at  the  close  of  the  nineteenth  century.     E.  Hull  deals 

•  Engineering  Afagazine,  vol.  xx.  pp.  491-503. 

t  Iron  and  Coal  Trades  Review^  vol.  Ixii.  pp.  669,  770,  1302. 

X  Ibid.,  vol.  Uii.  p.  361. 

§  Discussion  at  the  Constitutional  Club;  CoUiet^  Ouardian,  vol.  lixx.  p.  969. 
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with  the  present  increase  of  consumption  and  its  causes,  with  ques- 
tions of  export  and  of  deep  mining.     An  export  tax  is  advocated. 

The  annual  report  of  C.  Le  Neve  Foster  to  the  Home  Office  deals  at 
considerable  length  with  the  output  and  prices  of  coal  during  the  year 
1899. 


U,—A  USTRALASIA. 


Mining  in  New  South  Wales. — A  recently  issued  pamphlet  bj 
T.  A  Coghlan*  deals  generally  with  the  mining  industry  of  New 
South  Wales,  and  contains  a  map  of  the  country  showing  the  localities 
of  the  leading  minerals.  In  1899  over  10,000  workmen  were  cm- 
ployed  in  coal-mining  out  of  42,820  miners.  Iron  ore  deposits  are 
rich  and  are  widely  extended,  hut  are  not  worked  at  the  present  time 
for  the  manufacture  of  pig  iron,  but  some  scrap  is  worked  up  in  the 
country  and  some  castings  are  made.  The  coal  deposits,  as  is  well 
known,  are  enormous,  and  are  extensively  worked  wherever  the  rail- 
way  or  other  transport  facilities  are  sufficiently  well  developed. 
A  sketch  of  the  different  fields  and  their  production  is  given.  In 
1899,  96,530  tons  of  coke  were  also  made.  Kerosene  shale  is  also 
worked. 

Tlie  production  t  in  1899  included  4,597,028  tons  of  coal  and 
36,719  tons  of  shale. 

The  usual  return  compiled  by  the  New  South  Wales  Department  of 
Mines  \  shows  that  the  output  of  coal  and  shale  and  of  coke  during 
1900  was  made  up  as  follows: — Northern  district,  3,926,584 
tons  ;  southern  district,  1,205,055 ;  western  district,  315,358 ;  or  a 
total  of  5,507,497  tons.  All  the  returns  are  to  hand  except  from 
one  very  small  colliery  in  the  northern  district,  which  will  not  affect 
the  result.  The  above  is  a  total  increase  of  810,469  tons  over  the  year 
1899,  and  made  up  in  the  several  districts  as  follows  : — Northern 
district,  GGG,876  tons  ;  southern  district,  145,522  tons;  western  district, 
98,041  tons.  The  total  value  of  the  coal  at  pit's  mouth  has  been  returned 
at  £1,608,911,  3s.  7d.,  as  against  £1,325,798,  12s.  5d.  for  4,597,026 
tons  in  1899.  Oil  shale  worked  during  1900  amounted  to  22,862  tons, 
valued  at  £20,651,   13s.,  as  compared   with   36,719   tons   valued  at 

*  **  The  Mining  Industry  of  New  South  Wales  :  "  Government  Printer,  S3'dney,  IIKK). 
t  "  Aiinuiil  Mininjj  Rei>ort  t»f  the  Department  of  Miues,^  Sydney,  1900, 
X  Minhi'j  Journal y  vol.  Ixxi.  p.  2j>1. 
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£40,823,  58.  in  1899.  Coke  manufactured  (luring  1900  amounted  to 
126,213  tons,  valued  at  £109,620,  2s.  6d.,  as  compared  with  96,530 
tons,  valued  at  £77,129,  10s.  Id.  in  1899. 

Coal-Mining  in  Queensland. — According  to  the  Annual  Report 
of  the  Under-Secretary  for  Mines  for  the  year  1899,  the  output  of  coal 
was  494,009  tons,  and  the  number  of  persons  engaged  in  coal-mining 
was  1142.  The  Report  also  notes  that  735  tons  of  manganese  ore, 
valued  at  £251,  was  raised. 


Iir._^  USTRTA-HUNGARY. 

Mineral  Statistics  of  Austria. — The  Austrian  official  statistics  * 
show  that  in  the  year  1899  there  was  produced  in  Austria  : — 


Production. 

Increase  or 
Decrease  as  Com- 
pared with 
Previous  Year. 

Iron  ore 
Manganese  ore 
Graphite 
Asphalt  rock  . 
Brown  coal     . 
Coal        .         . 
Forge  pig  iron 
Foundry  pig  iron    . 
Total  pig  iron 
Brown  coal  briquettcH 
Coal  briquettes 
Coke       . 

Metric  Tons. 

1,726,144 

6,411 

31,819 

2,636 

21,761,794 

11,465,139 

872,:»2 

124.03:^ 

996.385 

63,027 

1              71,783 

1          1,226.910 

1 

Per  Cent. 
-0-49 
-1176 
-3*76 
+  809-83 
+  317 
+  4-64 
+  413 
+3-30 
+  4  02 
-774 

+  14-86 

The  iron  and  manganese  ores  used  in  the  blast-furnace  amounted  to 
2,070,392  tons  of  iron  ore  and  6616  tons  of  manganese  ore.  Of  this 
quantity  560,974  tons  was  imported  ore.  In  the  iron  ore  mines  5362 
workpeople  were  employed,  an  increase  of  32  as  compared  with  the 
previous  year;  and  at  the  ironworks  6197,  an  increase  of  29.  Of  the 
79  blast-furnaces,  54  were  in  blast  for  2350  weeks,  the  respective 
numbers  for  1898  being  82,  53,  and  2416. 


Statist iicfies  Jahrhuch  des  k,k.  Ackerbau-MiniBteriumtt  Vienna,  1900. 
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The  production  of  brown  coal  in  Austria  in  1899  was  as  follows :  *— 


Production. 


Metric  Tons. 

BohemiR 17,959.855 

Lower  AustriH         ....  13,590 

Upi»er  Austrin        ....  863,532 

MoroviH 148,670 

Silesia 991 

Styria 2,623,586 

Carinthiu 94.524 

Tyrol 2:^,190 

CHmioU 244,801 

Dalrositia 111,454 

Istria 98,643 

Galicia 68,958 

In  all  Austria                 .  21,751,794 


Increase  or 
Decreaae  as  Ck>m- 
pared  with  IgUS. 

Per  Cent. 
+  3-37 
+  380-86 
-9^ 
+  3-49 
+  l-d5 
+  4-57 
-1-20 
+3-71 
-1*20 
-0  57 
+  8-H4 
-13-00 


+  3  17 


The  increase  in  quantity  as  compared  with  the  production  in  1898 
amounted  to  668,434  tons.  The  total  value  of  the  production  in  1899 
was  £3,965,310,  an  increase  of  9*41  per  cent,  on  the  previous  year. 
It  will  be  observed  that  8257  per  cent,  of  the  output  was  obtained  in 
Bohemia,  and  1206  per  cent,  in  Styria.  The  exports,  chiefly  to 
Germany,  comprised  8,609,496  tons  of  brown  coal  and  32,460  tons  of 
brown  coal  briquettes,  representing  an  increase  of  705,476  tons  of  the 
former  and  a  diminution  in  the  case  of  the  latter  of  771  tons.  The 
workmen  employed  in  brown  coal  mining  numbered  50,790,  an  increase 
of  1100  as  compared  with  1898. 

In  coal-mining  62,943  workpeople  were  engaged,  an  increase  of 
2134.     The  production  of  coal  was  as  shown  in  the  following  table  : — 


PriHluction. 


Increase  or 
Decrease  as  Com- 
pared with  18S^. 


JJuiit'iiii.i 
Lowfi-  Ansti ii 

StVJ>:i 


<; 


111  .ill  Austria 


Mt'tric  Ton.-?. 
4,070,,'^3 

l.i>i:<.<>;9 

4,S(»5,70f» 

44 

010.652 

11,455,139 


Per  Cent, 

+ot;7 

+  5  42 

+  G1»1 

-i-5(i6 

-  S«J"09 

+  14-67 

+  4-64 


Oc^terrcicJitfche  Zcitfchnft  fur  Bcyj-  un-i  Huttcntcacn,  vol.  xlix.  pp.  134-136. 
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Tile  total  value  was  jB3,729,180,  an  increase  of  8*77  iwr  cent.  The 
total  exports  comprised  1,239,809  tons  of  coal  aiul  475,209  tons  of 
coke.  In  the  Eoasitss  district  55,719  tons  of  coal  briquettes  were  made, 
and  16,064  tons  in  Moravian  Ostrau. 

Nickel  and  cobalt  were  not  produced  in  Austria  in  1899,  only 
speiss  and  salts  beiug  made.*  Tungsten  ores,  as  hitherto,  were 
only  found  in  the  Zinuwald,  Bohemia,  and  were  obtaiued  from  old 
dumps  and  fiUinf^^a.  Forty-four  workpeople  were  engaged  in  this, 
Manganese  ores  were  obtained  in  small  quantities  iu  Bohemia,  2439  tons 
in  the  Bukowitia,  and  2D  64  tons  atVigunsica  in  Carniola,  These  latter 
were  worked  up  at  the  iron  blast-furnaces  at  Janerburg  and  Servola* 
The  workmen  numbered  191,  an  increase  of  50, 

Graphite  was  mined  at  a  number  of  places  in  Bohemia,  in  Lower 
Austria,  Moravia,  and  Styria,  4676  per  cent,  being  produced  in 
Bohemia,  27*60  in  Moravia,  and  22^48  per  ceat  in  Styria.  The 
number  of  the  Avorkpeople  employed  was  1549,  an  increase  of  159. 
Asphalt  roek  was  mined  at  Seefeld  and  Scharnitz  in  the  Tyrol,  and  at 
Vrgorac  in  Dalmatia.  At  the  first  place  the  rock  was  worked  on  the 
spot  for  oik  and  asphalt,  while  at  the  latter  place  part  was  sold  and 
part  retained  in  connection  with  a  new  works  about  to  be  erected* 
The  workpeople  numbered  129,  an  increase  of  29* 


Petroleum  and  Ozokerite  in  Galicia.— The  official  statistics  t  for 

the  year  1898  show  that  there  were  tlien  in  operation  242  under- 
takings for  the  winning  of  petroleum,  wdiile  the  workpeople  numbered 
5902,  an  increase  of  365,  and  the  production  amounted  to  323,142 
tons,  an  increase  of  1742  per  cent*  on  the  year*  There  were  44 
active  ozokerite  undertakings  employing  5413  workpeople,  a  diminu- 
tion of  994,  and  producing  7759  tonSj  an  increase  of  1275  per  cent. 


Accidents  in  Austrian  Mines.— In  the  year  1898  there  were 
162  fatal  and  932  severe  accidents  at  Austrian  mines,  a  decrease  of  0 
in  the  deaths,  but  an  increase  of  112  in  tlie  severely  injured*  This 
was  at  the  rate  of  1301  per  1000  deaths  and  7*487  per  1000  severely 
injured.  In  coal*mines  there  were  55  fatal  and  iJ77  severe  accidents, 
in  brown  coal  mines  85  fiital  and  442  severe,  and  in  iron  ore  mines  6 
fatal  and  41  severe  accidents*     The  causes  of  these  are  given*! 

*  (hiierttif'hiithi  ^riisf:hri/ifiir  Berff-  und  Huittnitcntn,  vo\,  ihi*  pp^  ll0-12h 

t  SUtiUtiicht^  Jt^hrfntch  tie 9  k.L  Acierfjau-MinittrHumA,  Vienua^  1900* 

t  OuUrvtichi$eht  Eeittchrijt  fUr  Berff-  nnd  HUttmwesett^  vol,  JilviiL  \k  UiO.  * 
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Brown  Coal  in  Bohemia. — The  Aassig-Teplltz  Kailway  has 
issued  detailed  statistics  of  the  Bohemian  brown  coal  trade  for  1899. 
The  output  in  the  Elbogen-Falkenau  district,  with  5888  workmen, 
was  2,325^984  tons,  and  that  in  the  Teplitz-Briix-Komotau  district, 
with  25,520  workmen,  was  15,571,630  tons.  The  total  production 
was,  therefore,  17,897,614  tons.* 

The  mining  School  at  Leoben. — Statistics  are  published  t  show- 
ing the  steadily  increasing  numbers  of  the  students  attending  the 
mining  school  at  Leoben,  Austria.  Details  are  given  for  each  of  the 
years  1890-1891  to  1899-1900.  During  this  period  the  annual  total 
of  students  increased  from  142  in  the  former  year  to  261  in  the  latter. 
This  latter  year  199  were  from  Austria-Hungary  and  52  from  other 
countries. 

Iron  Trade  Statistics  of  Hungary.— There  was  an  increase  in 
1899  of  1-36  per  cent,  as  compared  with  the  statistics  for  the  previous 
year  in  the  area  leased  for  mining  purposes.}  Of  this  total  area  58  1 
per  cent,  was  for  coal-mining  and  17 '9  per  cent  for  iron  ores. 

Details  are  given  as  to  the  various  appliances  in  use  at  the  coal, 
iron  ore,  and  other  mines,  and  as  to  the  concentrating  floors.  The 
coke-ovens  numbered  172,  the  same  number  as  in  the  previous  year. 
The  coal-working  plants  also  showed  no  change  in  number,  being  22 
in  all.  At  the  iron  and  other  smelting  works  there  were  66  large 
blast-furnaces,  a  number  of  blast-furnaces  of  smaller  size,  seven 
cupolas,  and  numerous  other  furnaces  of  various  kinds.  The  rever- 
beratory  furnaces  of  all  sorts  numbered  37  in  1899  and  the  same 
numV)er  in  1898. 

In  the  Zalatna  mining  district  experiments  have  been  made  as  to 
the  possibility  of  coking  the  Urikdnya  coal.  For  this  purpose  thirty 
coke-ovens  were  erected.  The  coke,  however,  contained  1*5  per  cent, 
of  sulphur. 

The  total  number  of  workpeople  employed  at  Hungarian  mines  and 
collieries  in  1899  was  60,797  men,  1925  women,  and  6389  children, 
an  increase  of  1125  men,  27G  women,  and  36  children  as  compared 
with  the  previous  year,  leather  over  a  fourth  of  the  men  were  em- 
ployed at  mines  other  than  those  of  coal  or  iron  ore,  and  1055  of  the 
men,  49  women,  and   lOG  chiUlreii  were   employed   at   works    other 

*  aiilrhiuf,  \o\.  xxxvi.  p.  941. 

t  Ofxtivrcichischc  Ziitschrift  fur  Berg-  und  HiiUrmcesen,  vol.  xlix.  p.  161. 

::  Ibid. ,  i.p.  50-58. 
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than  ironworks.     The  wagea  pajd  are  alfio  mentioued,  as  well  as  tbd 

chief  mines  or  works,  and  the  number  ot  workpeople  they  employed. 
,    In   1B99   tiiere  were  105  fatal  accidetits  and   198  ievere  ones  as 
compared  reapectively  with  87  and  200  in  the  previous  year.     The 
production  was  as  follows  : — 


lassL 

ism 

BRVwn  coftl         .... 
C^    -        .        ,        .        .        . 

IlKquettes 

0..ke  ...... 

Pig  iron 

Metric  Tcitii. 
4.292,684 

31,138 

10,336 

Metric  Toub. 

4,20e.6B4 

l.S38,4fm 

Sljttl      i 

8,190 

448,021 

The  iron  ore  exported  from  Hungary  amounted  in  1809  to  593^779 
tons,  and  in  1B9S  to  499^785  tons.  Of  asphalt  3060  tona  was  raised 
in  1899  and  3125  tona  in  1898,  the  oil  won  amounting  respectively  to 
2125  ton^,  and  2471  tons  in  the  two  years.  The  unrefined  asphalt  rock 
exported  amounted  to  2591  tona  in  1899  and  to  19,074  tons  in  1898. 

The  manganese  ore  exported  was  5073  tons  in  1899  and  8028  tons 
in  the  preceding  years.  The  total  value  of  the  mineral  and  motalhir* 
gical  products  of  Hungary  was  in  1899  about  j£4|200,000,^or  4  per 
cent,  more  than  in  the  preceding  year. 


Iron  Trade  Statistics^—The  iron  trade  statistici  for  Belgium 

for  the  year  1899  included:* — 

Year  Um. 
Metric  Tout, 

Ciml  .        .        .        < 22,072.0ri« 

Oofce 2.304,607 

BriqiHittes .        ,        .         1,270,050 

Irnn  urL'Ni    *,,*..,».  201,445 

M;,iiLMiii  M..' ores*        .**»,..  12,120 

1^  ^n 317,021} 

I  -iron .  84,165 

A'  ■.  J         I II eff  pig  iron     .*,..,  160,064 

lin  11/  fi-  ni*n 45S,71S 

>li  M> 97,604 

iPili^i-    ....,.,,,  377.5&4 

Fitii"litd  steel  wares  ...,*.,  633,050 

Coal  was  produced  in  1899  at  269  places,  which  gave  employment  in 
all  to  125,258  workpeople.    The  average  thickness  of  the  seams  won 

*  Anitale^  den  Mine*  de  itelyigue,  vi>i,  v*  j  OesUrt'eickueke  £ciUchri_ft  ftlr  Ikrg*  nnd 
ffUtttfUtje^n^  voL  xtix.  pp.  (jO-70. 
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was  26*4  inches,  and  the  average  working  depth  was  aboat  1420  feet. 
Altogether  5990  horses  were  employed,  4659  being  at  work  under- 
ground. The  production  of  coal  in  1899  was  16,267  tons  less  than  it 
was  in  the  preceding  year,  but  the  value  of  the  coal  produced,  on  the 
other  hand,  increased  by  as  much  as  £1,262,200,  the  average  value 
per  ton  being  1-43  franc  (say  Is.  1|.)  more  in  1899  than  it  was  in  189S. 
The  total  wages  paid  amounted  to  146,240,500  francs,  and  the  other 
outgoings  to  90,360,200  francs.  The  total  cost  was  10-72  francs  per 
metric  ton  of  coal  raised,  its  average  selling  value  being  placed  at  12*43 
francs.  The  average  workman's  wage  was  1150  francs.  The  average 
wage  per  shift  below  surface  was  4'37  francs  per  man,  and  2*73  francs 
above  surface  per  man.  The  total  coal  won  per  man  at  the  working 
face  was  968  tons,  239  tons  for  each  man  employed  below  ground,  or 
176  tons  as  an  average  for  the  whole  of  the  men  employed  at  the 
colliery.  There  were  nine  strikes  in  1899,  one  of  which  lasted  33  days, 
the  remainder  under  a  week.  Seven  of  the  strikes  were  for  higher 
wages.  The  loss  -of  time  during  the  great  strike  in  April  and  May 
amounted  to  1,146,300  working  days.  The  whole  of  the  other  strikes 
only  involved  a  loss  ef  6000  days. 

The  accidents  in  1899  were  as  follows: — 


■ 

Total. 

273 
2 

4y 

Deaths. 

Injured. 

At  rollierieg    . 
At  metal  mines 
At  smelting  works . 

121 

1 
26 

163 

1 

24 

Totals 

324 

148 

188 

This  was  considerably  below  the  average.  Of  the  121  deaths  at  col- 
lieries, 23  were  in  shafts  and  48  by  falls  of  rock,  only  6  resulting  from 
explosions.     The  fatal  accidents  above  ground  numbered  20. 

The  following  tabular  statements  are  of  interest,  as  showing  the 
progress  maiie  by  the  Belgian  iron  trade  during  the  past  five  years. 
The  coal  statistics  were  as  follows  :  * — 


Y 

e.ii. 

Active 
Collieries. 

Production.    ' 
Metric  Tons. 

Value 
I»er  Tun. 

Francs. 

1  ^^^'Ti 

2t>l 

2«},4.57,6«>4 

9-45 

iMMi 

•Jlii 

•J1.25-.>,370 

951 

I  ■^'•'7 

2.x; 

L»1.4i»-J.446 

10-2«> 

l.s'.'S 

2.^7 

22,«)88.335     , 

11-00 

lXi<) 

• 

2^>l» 

22,072,0e;8     i 

12-43 

^'.'.1^/  uwi  AV«-»i.  vuL 

sx. 

pp.  1257-1259. 
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Tlie  steady  rise  in  value  is  most  noticea'ble. 
and  their  wages  were  as  follows  : — 


541 
The  workpeople  employed 


Year. 


1895 
1896 
1897 
1898 
1899 


Workpeople 
Employed. 


118,957 
119.246 
120,;W2 
122,846 
125,258 


Annual  Average 
Wage  per  Workman. 


Francs. 
948 
980 
1,023 
1,097 
1,168 


For  the  year  1899  the  production  of  coal  in  each  of  the  provinces  of 

Belgium  was  as  follows  : — 

Metric  Tons. 

Hennegan 15,581,380 

Namur 641,360 

Li^ge 6,849,828 

Total 22,072,068 

The  collieries  were  served  by  2381  steam-engines  of  153,927  horse- 
power. 

The  proportion  of  coke  has  been  as  shown  in  the  following  table  : — 


Year. 


1895 
1896 
1897 
1898 
1899 


Number  of 
Works. 


45 
42 
44 


Ovens  in  i  Ovens  not 
Use.       !    in  Use. 


3,233 
:^555 
3,845 
4,028 
4,276 


2216 

1208 

995 

813 

657 


Coal  Coked. 


Coke  Made. 


Metric  Tons. 
2,358,663 
2,709,720 
2.968,620 
2,944,(H»6 
3,121,155 


Metric  Tons. 
1.749,109 
2,004,430 
2.207.840 
2,161,162 
2,304,(M)7 


The  number  of  workpeople  employed,  and  the  average  value  of  the 
coke  produced,  has  been  : — 


i 

1                      Year. 

1 

Workpeople 
Employed. 

Average  Value     ' 
per  Ton  of 
Coke. 

Francs. 
13-75 
14-22 
1713 
18-75 
20-50 

1895 

1S96 

'  1897    

,  1898   

'  1899 

2,180 
2,415 
2,566 
2,519 
2,894          , 

2  M 
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Similar  details  are  given  as  to  the  manufacture  of  briquettes.  Tbii 
industry  does  not  seem  to  make  much  progress.  In  1895,  1,217,795 
tons  of  briquettes  were  made  at  38  works,  and  in  1899  at  37  worb, 
with  64  presses  in  operation  and  23  not  in  use,  1234  workpeople 
made  from  1,152,880  tons  of  coal,  1,276,050  tons  of  briquettes  of  as 
average  value  of  16*05  francs  per  ton. 

The  imports  of  coal,  coke,  and  briquettes  have  been  : — 


Year. 


1895 
1896 
181>7 
1898 
1899 


Ck)aL 


Coke. 


Briquettes. 


Metric  Tom. 

Metric  Tons. 

Metric  Tons. 

1.530,364 

362,834 

3.452 

1,693,376 

260,273 

1.501 

2,017,344 

269,606 

632 

2,302,517 

280.590 

1,766 

2,844,274 

296,508 

10,725 

The  exports  have  been  as  follows :  — 


Year. 


1895 
1896 
1897 
I  1898 
1899 


CoaL 


Coke. 


Metric  Tons. 
4,661,477 
4,649,790 
4,448,544 
4,579,955 
4,568,938 


Metric  Tons. 
870,963 
863,067 
909,486 
878,435 
1,008.740 


Briquettes. 

Metric  Tons. 
459.702 
459,974 
615,074 
6(W5,2<;5 
525,«>25 


The  production  of  iron  and  manganese  ores  shows  a  steady  diminii- 
tion,  as  the  following  table  shows  : — 


Production  of 

Iron  Ores. 

Manganese. 

Metric  Tons. 
22,478 
23,265 
28,372 
16.440 
12,120 

1895     . 

j89<; 

1897      . 
1S98      . 
1899     . 

Metric  Tons. 

.     1         312,637 

.     1         307.031 

240,774 

217,370 

201,445 

During  1899  there  were  in  Belgium  at  16  works,  36  blast-furnaces 
in  blast,  and  4  not  in  use.  The  men  employed  numbered  3788,  and 
they  earne<i  an  average  of  3*33  francs  per  day.  There  were  smelted 
229,186  tons  of  Belgian  ore,  2,714,381  tons  of  foreign  ore,  and 
260.573  tons  of  slag  and  scrap  iron,  there  being   also  used  in  the 
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furnaces  364,380  tons  of  limestone,  1,126,808  tons  of  Belgian  coke, 
141,938  tons  of  imported  coke,  and  16,473  tons  of  coal.  The  pro- 
duction of  pig  iron  amounted  to  1,024,576  tons,  valued  at  72*61  francs 
per  ton.     The  details  were  as  follows : — 


Year.                Forge. 

Foundry. 

Ferro- 
Manganeie. 

Bessemer. 

Basic. 

1 
Metric  Tons. 

1895  .                 329,750 

1896  .         .  '      362,451 

1897  .        .  1      426,332 

1898  .        .  :      308,875 

1899  .        .        317,029 

Metric  Tons. 
85,950 
84,275 
78,410 
93,645 
84,165 

Metric  Tons. 

11,391 

12,636 

6,259 

Metric  Tons. 
161,600 
193,518 
183,701 
173,085 
169,664 

Metric  Tons. 
262,428 
307,779 
333,958 
397,891 
453,718 

The  total  production  and  the  average  value  per  ton  was  as  follows : — 


Year. 


1895 
1896 
1897 
1898 
1899 


Total 
Production 
of  Pig  Iron. 


Metric  Tons. 
829,234 
959,414 

1,035,037 
979,755 

1,024,576 


Value  per 
Ton. 


Francs. 
48-24 
53-76 
58*66 
69  10 
72-61 


The  average  value  in  1899  was  thus  over  50  per  cent,  more  than  it 
was  in  1895.  While  the  production  in  1899  was  less  than  it  was  in 
1897,  it  has  increased  by  over  23  per  cent,  as  compared  with  the  pro- 
duction in  1895.  The  production  of  basic  pig  iron  increased  by  as 
much  as  80  per  cent,  during  this  perioi 

The  production  of  wrought  iron  and  steel  has  been  as  follows : — 


Year. 

Wrought  Iron. 

Value 
per  Ton. 

Steel. 

Value 
per  Ton. 

1895  . 

1896  ..         . 

1897  ..         . 

1898  . 

1899  ..         . 

Metric  Tons. 
445,899 
494,032 
474,819 
485,040 
475,198 

Francs. 
124-98 
129-96 
135-61 
135-93 
160-85 

Metric  Tons. 
367,947 
519,311 
627,617 
567,7281 
633,950 

Francs. 
115-27 
121-56 
132-34 
134-94 
151-67 

Wrought  iron,  it  will  be  seen,  has  little  more  than  held  its  ground 
since  1895,  and  has  diminished  as  compared  with  1896.     Steel,  on  the 
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other  hand,  has  increased  by  as  much  as  72*5  per  ceut.  There  wen 
46  active  wrought  iron  works  in  Belgium  in  1899,  with  ^40  acd^e 
puddling  furnaces,  and  55  not  in  use.  They  consumed  350,020  tons 
of  Belgian  pig  iron  and  135,470  tons  of  imported  pig  iron.  Further 
details  are  given  as  to  these  works  and  their  products. 

The  works  making  steel  numbered  15  in  operation  and  2  closed 
down.  The  active  open-hearths  and  similar  furnaces  numbered  11, 
with  4  not  at  work.  Of  converters,  25  were  in  operation  and  15  not 
blowing.  The  workpeople  numbered  7681,  earning  an  average  daily 
wage  of  3*78  francs.  Details  are  given  as  to  the  consumption  of  raw 
materials,  and  as  to  the  various  products.  The  pig  iron  consumed  wis 
620,812  tons  of  Belgian  metal  and  125,184  tons  of  imported  iron. 
The  scrap  consumed  was  125,184  tons,  and  the  ingots  made  731,249 
tons.  The  finished  products  amounted  in  quantity  to  633,950  tons,  as 
shown  in  the  table.  Of  this,  various  kinds  of  rolled  metal  amounted  to 
340,355  tons,  and  rails  to  123,119  tons. 

In  1900  Belgium*  produced  1,018,507  tons  of  pig  iron,  362,252 
tons  of  wrought  iron,  and  654,827  tons  of  steel  ingots. 


Y.— CANADA. 


The  Iron  Industry. — F.  Krall  t  discusses  tlie  iron  industry  of 
Canada.  This,  he  points  out,  is  developing  very  rapidly,  thanks  to  the 
fostering  efforts  of  the  Government,  which  grants  at  present  as  much 
as  12s.  6d.  for  each  ton  of  pig  iron  made  from  Canadian  ores.  For 
certain  steel  products  as  much  as  29s.  2d.  is  paid  in  this  way,  while  in 
Ontario  the  royalties  on  certain  ores  are  not  enforced  if  they  art 
smelted  in  the  Dominion.  The  author  enumerates  the  more  important 
iron  and  steel  works  in  the  Dominion.  A  number  of  large  iron  and 
steel  works,  rolling-mill,  and  other  smelling  works  are  in  course  of 
erection.  In  many  cases  important  financial  assistance  has  been  j»ro- 
mised  towards  their  erection  by  the  local  authorities  where  the  works 
are  to  be  erected.  A  large  steelworks,  for  instance,  is  being  erected 
at  Hamilton,  Ontario.  Another  has  been  laid  down  by  the  Nickel 
Steel  Company  of  Canada,  which  is  arranged  for  a  dally  out-turn  of 
from  rJOO  to  1500  tons  of  nickel  steel  rails  and  400  tons  of  nickel 
steel  ]>lates.    A  charcoal  blast-furnace  is  being  erected  at  Fort  William; 

*  C'>miti  ill  A  /''i/T'/f-v  (Ff-  Frau'Cf  lUilletiu  No.  1741. 

t  OcHtrrtichische  Zdtschriftfur  Berg-  und  Hiittcnwtten,  vol.  xlix.  p.  83. 
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at  CoUingwood  iron  and  steel  works  are  to  be  erected,  with  a  daily  out- 
turn of  200  to  250  tons  of  pig  iron  and  95  tons  of  steel ;  at  Welland 
the  Canadian  Steel  Company  is  arranging  large  blast-furnaces  and  steel- 
works, whose  daily  out-turn  of  rails,  girders,  plates,  &c.,  is  to  be  1000 
tons ;  others  are  also  mentioned. 

It  appears  *  that  the  Canadian  production  of  iron  last  year  was  about 

100,000  tons,  and  that  the  consumption  was  about  eight  times  that 

'  amount,  but  rapid  strides  are  being  made  in  the  output.     There  are 

now  four  large  smelting  works — three  in  Ontario  and  one  in  Sydney, 

Cape  Breton. 

J.  S.  Barrie  t  describes  the  development  of  iron  and  steel  in  Eastern 
Canada,  with  reference  to  the  supply  of  coal  and  ore,  and  the  present 
condition  of  the  works  in  the  country. 

A.  J.  Moxham  J  gives  somes  notes  on  the  future  of  the  steel  industry 
in  Canada.  Ore  and  coal  supplies,  transport,  costs,  and  other  matters 
are  discussed  in  a  favourable  light. 

E.  Gilpin  §  gives  a  number  of  analyses  of  ore,  flux,  fuel,  and  pig  iron 
shown  by  the  Nova  Scotia  Steel  Company  and  others  at  the  Paris 
Exhibition. 

Mining*  Industry  of  Ontario. — In  Ontario  eight  iron  mines  were 
worked  in  1899,  yielding  16,911  tons  of  ore.|| 

Coal  and  Iron  Ore  in  British  Columbia. — The  official  statistics 
for  the  year  1899  show  that  in  that  year  there  was  raised  in  British 
Columbia  1,306,324  tons  of  coal  and  about  2000  tons  of  iron  ore.  The 
coke  made  was  34,251  tons.  This  is  an  increase  of  170,459  tons  of 
coal  and  750  tons  of  coke  as  compared  with  the  output  of  the  previous 
year. 

The  Mining  Industry   of  Newfoundland.— According  to  a 

return  furnished  by  J.  P.  Howley,  Director  of  the  Geological  Survey  of 
Newfoundland,  the  production  of  iron  ore  in  that  colony  during  1899 
amounted  to  306,880  tons  against  102,000  tons  in  the  previous  year. 
The  production  of  coal  was  5000  tons.  Newfoundland  is  not  embraced 
in  the  Dominion  of  Canada. 

*  Engineering,  vol.  Ixxi.  p.  84. 

t  Journal  of  the  West  of  Scotland  Iron  and  Steel  Institute,  vol.  viii.  pp.  67-80. 
X  Paper  read  before  the  Canadiaa  Man u fact urera'  Association ;  American  Manu- 
facturer, vol.  Ixviii.  pp.  321-324. 

§  Transactions  of  the  Nova  Scotia  Institute  of  Science,  vol.  x.  pp.  262-207. 
il  Report  of  the  Bureau  of  Mines,  Toronto,  1900. 


546  THE  IRON  AND  STEKL  INDUSTRIES. 

\\.— CHILL 

Manganese  Ore.  —  The  exports  of  manganese  ore  from  Chili 
in  1899  amounted  to  23,000  tons.  In  the  ten  years  from  1889  to  1898 
the  total  exports  amounted  to  344,087  tons.  The  greatest  amouni 
exported  was  51,686  tons  in  1892. 


Yll.— CHINA. 

Ml^^^Tig  Industry. — Doumer  *  advocates  the  starting  of  ironworks 
in  Indo-China.  Coal  is  met  with  in  abundance,  and  the  iron  ore 
deposits  at  Thai-Nguyen,  in  Tonkin,  are  well  situated  for  economical 
working.  Ore  could  be  supplied  at  the  works  at  4  francs  a  ton,  and 
coal  at  7  francs  a  ton. 

Lecl^re  f  gives  an  account  of  the  mining  law  of  China. 


NllL—CUBA. 

Iron  Ore. — In  1900  the  exports  of  iron  ore  from  Cuba  amounted  to 
445,679  tons,  all  of  which  went  to  the  United  States. 


IX.— FRANCE. 

Iron  Trade  Statistics. — In  1900  the  production  of  pig  iron  X  in 
France  amounted  to  2,699,494  tons,  that  of  wrought  iron  to  745,312 
tons,  and  that  of  steel  ingots  to  1,624,048  tons.  Of  the  steel  ingots 
954,261  tons  were  made  by  the  Bessemer  process,  and  669,787  tons  by 
the  open-hearth  process. 

Details  are  given  §  as  to  the  blast-furnaces  existing  in  France  at  the 
commencement  of  1901.     These  included — 


Total  Number.     I     Total  in  Bloat. 


I  Eastern  District .         .  81  Co 

1  Northern  District        .  20  I  14 


Central,    South,    and  )^ 
West  France    .  j 


53  36 


Capacity  of  those 
in  BUiit. 


ToiiB. 
5,  .373 
1.375 

2,022 


The  furnaces  at  tlie  various  works  are  shown  in  detail. 


*  Echo  (hs  ."ifinrff  et  de  la  Mttallanjle,  vol.  xxviii.  pp.  240-245. 

t  Anna!'  s  ih"<  Mint  a,  vol.  xviii.  pp.  249-260. 

"X  CitnilU  (ie.^  Forties  de  France,  Bulletin  No.  1756. 

§  Echo  dc8  Mints  it  de  la  Miiallur<jie,  voL  xxviii.  pp.  2-3. 
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Coal. — An  exhaustive  statistical  article  has  been  published  by  Noel  * 
on  the  French  coal  trade.  Statistics  of  production  are  given  from 
1820  to  the  present  time.  In  1820  the  French  collieries  furnished  79 
per  cent,  of  the  consumption,  which  was  1,348,060  tons.  In  1899 
they  furnished  74  per  cent,  of  the  consumption,  which  was  45,600,000 
tons. 

A  book  has  been  published  by  L.  Bailly  on  the  economic  and  finan- 
cial future  of  the  French  coal  and  iron  trades. 

Imports  and  Exports. — The  French  imports  and  exports  t  in 
1900  included  :— 


Coke  . 
Iron  ore 
Pi;;  iron 
Wrought  iron 
Steel  . 


Imports. 


Tom. 

1,572,520 

2,119,003 

149,857 

58.590 

21,191 


Exports. 


Ti)n8. 

G9,200 
371,799 
114,371 

33,718 

21,046 


The  Paris  Exhibition. — H.  Schmerber  |  gives  a  detailed  descrip- 
tion of  the  mining  exhibits  at  the  Paris  Exhibition.  With  the  aid  of 
numerous  illustrations,  he  describes  the  exhibits  of  the  Bniay  collieries, 
the  Vicoigne  and  Noeux  collieries,  the  B^thune  collieries,  the  Dourges 
collieries,  the  Courriferes  collieries,  the  Blanzy  collieries,  and  several 
smaller  mines.  The  mining  exhibits  have  also  been  described  by 
A.  Habets§  and  by  H.  Lallement.|| 

G.  Bresson  U  describes  the  metallurgical  exhibits  at  the  Paris 
Exhibition. 

H.  Wedding  **  publishes  a  report  of  a  tour,  under  his  personal  guid- 
ance, of  the  students  of  the  Berlin  School  of  Mines  to  the  Paris  Ex- 
hibition. He  briefly  explains  the  difPerent  branches  of  the  metallurgy 
of  iron,  and  describes  in  this  connection  the  various  objects  displayed, 
with  special  reference  to  new  constructions  and  processes.     He  deals 


*  Revue  Scientifique,  April  6,  1901. 
t  ComiUt  des  Foiyes  de  France,  Bulletin  No.  1720. 
:J:  Qinxc  Civil,  vol.  xxxviii.  pp.  216-221. 
§  Revue  Universelle  di'S  Minei^  vol.  11.  p.  101. 
II  Berg-  und  HuUenmdnnische  Zeitung,  1900,  pp.  488,  501. 
IT  Revue  UnhrrseHe  dea  Mines,  vol.  11.  pp.  242-266. 

♦*  Verhandluiujen  des  Vcreins  zur  Beforderung  des  OewerhjleisscSt  1900,  pp.  307-341  ; 
illustrnteci. 


548 


THE  mON  AND  STEBL  INDUSTRIES. 


with  the  subject  under  the  several  heads  of : — Iron  ores  and  their  occur- 
rence ;  the  improvement  of  existing  ores ;  the  ores  of  metals  other  than 
iron ;  the  production  of  pig  iron ;  blast-famaces ;  blast-fiimaee  gases  as 
a  source  of  power  for  driving  motors ;  malleable  iron  ;  additions  to 
molten  iron  ;  finished  iron  ;  rock-drilling  machines  ;  and  various  kinds 
of  mine-pumps. 

The  metallurgical  exhibits  at  Paris  have  also  been  described  by 
G.  Odelstierna*  and  by  0.  Westerberg.t 

H.  Gu^rin  {  discusses  the  influence  of  the  last  Paris  Exhibition  on 
the  steel  industry  in  France,  and  traces  the  development  due  to  the 
exhibitions  held  in  1855,  1867,  1878,  and  1889.  The  increased  use  of 
the  basic  process  and  of  the  open-hearth  furnace,  and  the  substitution 
of  steel  for  iron  castings,  are  the  subjects  which  receive  especial 
attention. 


X.— GERMANY. 

Mineral  Statistics. — The  definite  figures  of  mineral  production  in 
the  German  Empire  and  Luxemburg  in  1899  have  been  issued.  They 
include  the  following  : — 

Metric  Tons. 

Coal 101,639,753 

Lignite 34.204,666 

The  official  mineral  statistics  of  the  German  Empire  and  Luxemburg 
for  1900  are  published.  §     The  following  are  the  leading  items  : — 


Coal     . 
Brown  coal 
Cirai)liite 
Asplialt 

Petroleum,  gallons 
Iron  ore 
Mansraiiese  ore     . 


Metric  Tons. 

109.271,726 

40,279,332 

9.248 

89,685 

50,37n 

18,964.367 

59,203 


Iron    Trade    Statistics.— H.    Rentz8ch,||    m   quoting    from    the 

German    official   statistics,  shows  that  the  iron   trade   production    in 
Germany,  incliulinir  Luxemburg,  in  1899  was  as  follows  : — 


•  Ihhan-j  til!  J'  rnk-mt-nts  Anmiler,  1901,  pp.  69-83. 
+  P.i.i.,  jM,.  8:V.».l 

:^  KnaiitfCi-hx'i  MiVjaziiw,  vol.  xx.  pj>.  1043-1054. 
§  Giiirkattf,  vol.  xxxvii.  p,  \\X^. 
Staid  und  Eisax,  vol.  xx.  pp.  1285-1289. 


Statistics. 


S4d 


Pn^dnelng  irtm  ore  miDfli     . 
Iran  ore  rftised,  metric  ioni  . 
Worki>eopI«  cm  ploy  ed 
Active  hi aat- furnace  ^orlc.f  . 
CharcoiU  pig  irf)n  nt»iW,  ton^ 
Onke  nnd  mixed  plf;  iron 
VnJue  per  ton,  phillinj^fl 
Orea  ntid  tlai^n  chnrgetl,  toiin 
Workpeople  employed 
Totnl  IduM'funtncea 
Blifiit'furinicea  in  bhist 
Wei-'ka  iti  tiLmt 
FiitJiidry  jajf  u  on*  Umir  » 
Be4fl«iner  mud  bnaie  pig  iron 
Forge  pt(f  iron 
Direct  twitingit 
Sarap     .        .        .        .        > 


565 

17.989,635 

40,017 

108 

10,321 

8,132.811 

55118 

20,515,300 

36,334 

285 

263 

12.806 

1,383,897 

5,473.309 

l,air2,087 

4S.G73 

12,477 


Tlie  fotiudriee  numbered  1213  in  1898  ami  1238  in  1899,  and  they 
gave  employment  to  85,435  workpeople  in  the  former  year  and  91,613 
in  the  latter.  They  worked  up  1^824,165  tona  of  pig  iron  and  Bcrap  in 
1698  anil  91,613  tons  in  1899,  producing  1^597,434  tmis  of  castings  in 
1898  and  1,776,878  tons  lu  1899. 

Tlie  works  making  wrought  iron  and  steel  and  their  producta  were 
m  Followa ; — 


Prodnciiig  worki    .*»■>«,.  175 

Workp*ople :^.rWi7 

&tfini-iniiiinf»Dtur«fi,  toja*  ...  70,232 

Voloffl  p€r  ton^  pbiUingit  .  107'5S 

Wanuf(M3tuie«,  ton*         .        .  .        ,        .        .1,134,637 

Value  per  ton,  AliilUngi         ......         ir>l:Ji'04 


Similar  details  relating  to  the  works  making  ingot  metal  show  : — 


Prorhicinff  work*    , 
Workpeoplu    , 
B«mi<niiLnufActurc«f  tonn 
Yulcie  per  tuu,  BbilHnnit 
IVlcinufaicturet,  toin>t 
Yidue  per  ton,  Hliillinga 


177 

120,983 

1,S0@,3&1 

91V94 

4,820.275 
143  31 


The  rail  and  rail- fastenings  made  in  1898  amounted  to  807,171  tons, 
__  and  in  1899  to  792,013  tons. 

^K     The  total  quantity  of  castings,  iron  and  steel,  produced  for  sale  lias 
Hrisen  from  7,764,276  tons  in  1897  to  9,358,075  tons  in  1899. 
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The  production  of  coal  and  brown  coal  has  been  as  follows  : — 

Coal,  toM 101,639,753 

Value  per  ton,  shillings 7*77 

Brown  coaI,  tons 34,204,666 

VHlue  per  ton,  shillings 2*29 

The  workpeople  employed  at  the  collieries  numbered  357,695  in 
1898  and  378,575  in  1899,  and  at  the  brown  coal  mines  42,812  in  1898 
and  44,745  in  1899. 

The  estimated*  production  of  pig  iron  in  Germany,  including 
Luxemburg,  was  as  follows  for  the  year  1900,  the  official  figures  for 
the  year  1899  being  also  shown : — 


Pig  Iron. 


1900. 


Metric  Tons. 
Forge  and  spiegeleisen  .  1,612,664 

Bessemer ,  495,790  > 

Basic I         4,826,469  f 

Foundry 1,487,929 

Scrap 

Totals  .        .  8,422,842 


1899. 


Metric  Tons. 
1.222,687 
5,475,399 

1,432.569 
12,477 


8,143,132 


In  1890,  the  total  production  of  pig  iron  in  Germany  was  only 
4,658,451  tons,  so  that  it  has  increased  by  about  80  per  cent,  in  the 
past  decade.  The  above  figures  for  1900  do  not  include  charcoal  pig 
iron  or  scrap.  A  comparison  of  the  statistics  for  each  of  the  past  ten 
years  is  instructive,  showing  as  it  does  the  great  alterations  that  have 
taken  j>lacc  in  the  iron  industry  during  that  period,  and  the  rapid  rise 
of  tlie  l)asic  process  of  steel-making.  Details  are  given  as  to  each  of 
the  chief  iron-producing  districts. 

Tlie  sliare  taken  by  the  various  districts  in  the  production  of  pig 
iron  was  as  follows  : — 

P«i  Cent. 

llliineluml-Westphalia SS'S 

Siejierland.  Luljii,  Hessen-Nxssau 8*8 

SiK'siii  ami  Pomeraniji 10*1 

Kiiii,'«loin  of  Saxony 0*3 

Hanover  ami  IJruiiswick         .......  4'1 

l>avaria,  Wurteni))crg,  Thuiingi.i 1  '7 

Saar,  Lorraijie,  Luxemburg 'M'2 


St  thl  iiml  Kisfiij  vol.  xxi.  p.  180. 
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Imports  and  Exports. ^ — Full  deUik  nm  published*  of  the  iron 
ttada  imports  and  exports  of  the  German  Empire  for  the  yea?  1900  :— 


Imparts. 


Iran  ore 

Slag*  and  ftUg  wool  .... 
Baiic  Bfisiemer  >lag  .  *  .  . 
pig  iroD,  scrap,  *»nd  ftemj-mtvnuf Pictures 
EaiU,  iheeta,  and  other  mnimfACttir^s  . 
Other  iron  wnr^a  .  *  .  .  * 
Mnchlnery  .  ^  «  .  .  . 
Total  iron  mid  iron  warei 


1900. 
Mvtrjo  Toiia. 
,     4,107,700 

1031,481 

829,&73 

75.095 

77,527 

9H3,112 


1000, 

Metric  Tona. 

Iron  ore ,         .        ,  3,247. &88 

Slagi  and  slag  wool .  32,404 

Busic  Besnemer  slug .  174,G4iil 

PijT  iroDf  acrap,  And  Krmi-inaimfactiires         .         ■         .  324, 132 

RailtHi  ftbeeti,  a Dd  oilier  mfltiiQfiiciu  res  .        *        >         ■  928,058 

Other  iroD  wiirei    ........  396^151 

Machinery      ,,,.,....,  233,996 

Totut  iron  And  iron  wares      .,..,.  1,&IS,556 

The  term  '*  iron'^  includes  steel. 

The  quantity  of  coal  imported  in  1000  wna  7,384,049  tons,  and  of  that 
exportedj  15,275,805  tous.t  The  figures  for  brown  coal  were  respec- 
tively 7,960,313  tons,  and  52,795  tons.  The  manganese  ore  imported 
amounted  to  204,420  tons,  and  that  exported  to  2454  tons,  the  similar 
figures  for  chrome  ores  being  18J2B  and  427  tons.  Of  coke  512,690 
tons  ^v^re  imported  and  2,229,188  tons  exported  ;  the  imports  of  oils 
of  all  kinds,  other  than  coal  tar  nils,  waa  1,117,325  totia.  There  was 
also  imported  1712  tons  of  luetaHic  nickel^  and  29,383  tons  of  bauxite^ 
the  respective  exports  amounting  to  268  and  44  tons.  Other  details 
are  also  given  generally  for  other  minerals  and  metaUurgical  products. 


The  Iron  Trade  of  Upper  Silesia» — F.  Jiingat  J  shows  by  means 

of  statistics  that  tiic  prosperity  of  th^  iron  industry  of  Upper  Siksia  ia 
now  no  longer  based  upon  the  supply  of  native  ores,  but  upon  that  of 
foreign  ores.  This  is  notably  the  case  as  regards  the  Ssvedish  ores  from 
Gelltvare,  and  less  so  as  regards  the  Hungarian  and  Styrian  spathic  ores 

•  Stahf  utid  Eisen,  March  I,  1901. 

f  Oraterreichische  ZeiUchri/tfiLr  Jiertf'  ui\d  HiiUrnvyt: geti^  vtA>  xWn.  pii»  149  150. 
X  ZeiUdiiifi  fur  dtis  Berg-f  MUtien-  uitd  Btiiiacn^eien  iin  prru/ttiBch^n  Stttaie^  vol. 
xlviii*  pp.  510-536, 
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and  the  Spanish  Rio  Tinto  ores  and  pyrites  residues.  The  author  first 
passes  in  review  the  various  reasons  which  led  to  the  importation  of 
foreign  ores,  and  refers  at  length  to  the  character,  quantity,  aiid  value 
of  the  imports.  He  then  traces  the  influence  which  the  use  of  foreign 
ores  has  exercised  upon  the  iron  production  of  Upper  Silesia,  and  the 
important  part  played  by  them  in  the  improvement  of  blast-furnace 
practice  generally.  Recent  results  are  contrasted  with  those  of  former 
years,  and  analyses  are  given  which  show  the  manner  in  which  the 
different  constituents  of  the  ores  affect  the  chemical  composition  of  the 
pig  iron.  The  use  of  foreign  ore  also  favourably  affects  the  working 
expenses,  as  may  be  seen  from  the  following  comparative  table,  which 
shows  the  cost  of  production  of  one  ton  of  iron  at  the  Gleiwitz  iron- 
works in  the  years  1871  and  1898  respectively: — 


1871. 


1898. 


Capacity  of  blast-furnace,  cubic  feet         .... 

Proiwrtion  of  Upper  Silesian  brown  ore  io  the  charge,  cwtii. 

Proportion  of  iron  in  the  chftrge,  cwts 

Production  of  pij;  iron  in  twenty-four  hours,  tons    . 

Coke  consumption  }>er  ton  of  iron,  tons    .... 

Contract  wages  per  ton  of  iron,  shillings  .... 

Blast-furnace  labourer's  waj|;eR  per  shift   .... 
[  Selling  price  of  coking  coal,  shillings        .... 

I  Selling  price  of  coke,  shillings 

I  Cost  of  coke  per  ton  of  iron  produced,  shillings 

I  Cost  of  additions  per  ton  of  iron  produced,  shilling 

I  Cost  of  ore  per  ton  of  iron  produced,  shillings  .         .         .   | 

I  Total  cost  of  smelting  material  and  fuel  per  ton  of  iron  pro-\ 

duced,  shillin^js j 

I  Sundry  other  working  expenses  per  ton   of  iron  produced,  I 
I       shillings  ..........         I 

I  Cost  of  jtroduction  of  one  ton  of  iron,  shillings         .         .         .   I 
I  Selliiij;  price  of  one  ton  of  pig  iron,  shillings    .... 


ngs 


4,340 

9,900 

78-43 

20  a? 

32  63 

51-61 

20-25 

6«-76 

2^0 

1-079 

3  00 

1-53 

2-23      1 

11-29 

6-60      ' 

6  09 

19-00 

12-88 

39-86 

13-89 

4  00 

1-tH) 

21  8;-) 

3144 

(>G31 
10-70 


47*23 

718 


77  01 
86-00 


.54-41* 
69  00 


In  conclusion,  the  opinion  is  expressed  that  as  the  demand  for  forcii^n 
ore  incroasos  tlie  ironniakcrs  of  Upper  Silesia  will  continue  to  look  to 
tlio  Swedish  deposits  as  the  readiest  availahle  source  whence  to  draw 
the  hulk  «»f  tlunr  supplies,  provided  that  every  means  are  taken  to 
ensure  cheap  and  eavsy  transport. 

Iron  Ore  in  Prussia.— In  the  olRcial  mining  statistics  of  the 
mineral  pro(hietii>n  of  I  Russia  in  1800  the  output  of  all  the  principal 
mines  is  stated,  and  details  are  given  of  improvements  in  machinery 


*  .54 ',"^1  in  original. 
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and  methods  introduced.*     A  statement  is  given  showing  the  quantity 
of  the  various  kinds  of  iron  ore  raised.     The  figures  are  as  follows : — 

Tons. 

Browu  heematite 1,007,425 

Clay  iron  ore 25,982 

Clay  iron  ore  and  limonite 550 

Clay  iron  oro  and  ipherosiderite  .* 9,553 

Spathic  iron  ore 1,801,340 

Blackband  iron  ore 40,182 

Redhssmatite .  682,944 

Magnetite 27,778 

Oolitic  red  liajmatite 85,886 

Pisolitic  ore 608,725 

Bog  iron  ore 5,210 

Total 4,295,575 

Mineral  Statistics  of  Saxony.— There  were  in  1899  in  Saxony 
thirty-one  active  collieries  and  ninety  active  brown  coal  mines. t  The 
workpeople  engaged  in  coal-mining  numbered  23,153,  an  increase  of 
309.  Of  these,  369  were  females.  The  operatives  employed  in  brown 
coal  mining  numbered  2584,  an  increase  of  131.  Of  these,  146  were 
females.  In  mining  of  all  kinds,  1304  officials  and  28,632  workpeople 
were  engaged,  515  of  these  being  females.  There  were  518  youths  and 
eight  girls  employed,  these  being  all  under  sixteen.  The  production  of 
coal  in  1899  was  4,546,756  tons,  an  increase  of  110,301  tons,  and  of 
brown  coal  1,292,348  tons,  an  increase  of  111,420  tons.  The  coal  pro- 
duction had  an  increased  value  of  XI  21,246,  and  that  of  brown  coal  an 
increased  value  of  £13,111,  as  compared  with  the  respective  values  of 
these  minerals  in  1898.  In  the  collieries  there  were  in  1899  twent}'- 
sevcn  fatal  accidents,  a  decrease  of  one,  and  in  the  brown  coal  mines 
ten,  also  a  decrease  of  one.  Of  iron  ore  8038  tons  were  raised.  Pig 
iron,  as  heretofore,  was  made  in  only  one  blast-furnace,  that  of  the 
Kcinigin  Marienhiitte  at  Cainsdorf.  Here  there  was  made  9550  tons  of 
foundry  pig  iron  and  15,975  tons  of  forge  pig  iron,  together  with  14'3 
tons  of  direct  castings.  Altogether  there  were  made  25,539  tons  of  pig 
iron,  valued  at  X84,505.  The  blast-furnace  was  in  blast  during  the 
whole  year,  and  gave  employment  to  172  workpeople,  twelve  of  whom 
were  females.  The  amount  of  ore  smelted  was  61,573  tons,  and  12,923 
tons  of  other  additions  were  also  charged. 

*  Zeitschrift  fur  das  Berg-^  Hiltten-  und  Salinenwe$en  im  preussi^chen  Staate^  vol. 
xlviii.  p.  155. 

t  Jahrhuch  fiir  das  Berg-  und  Hiittenxotsen  im  Konigreiche  Sachscn  auf  das  Jahr 
1900,  pp.  93-140,  &c. 
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Goal. — The  statistics  of  coal  production  in  the  German  Empire  are 
published.*  The  output  has  increased  from  73,715,653  tons  in  1891 
to  109,224,976  tons  in  1900.  In  round  figures,  the  production  of  the 
various  coalfields  in  1900  was  as  follows  : — 

Tons. 

1.  Upper  Silesia 24,782,600 

2.  Lower  Silesia        .                 .    •  .  4.767,400 

3.  Kingdom  of  Saxouy 4,784,200 

4.  North  Germany 1,156,500 

5.  Bavaria 706,700 

6.  Rhineland-Westphalia 60,119,400 

7.  Inde  and  Worm  baiin 1,771,500 

8.  The  Saar 11,136,700 

In  the  German  Empire  there  were  338  collieries  in  operation,  and 
413,665  workmen  were  employed,  the  output  per  workman  being  264 
tons. 

The  annual  production  t  of  the  Lower  Rhine-Westphalian  coal  dis- 
trict is  now  about  59 '5  million  tons,  one-half  that  of  all  Germany,  and 
one-fourteenth  part  of  the  production  of  the  whole  world.  According 
to  Schultz,  down  to  a  depth  of  700  metres  there  are  available  some  1 1 
thousand  million  tons  of  coal;  from  700  to  1000  metres,  18*3  thousand 
millions;  and  from  1000  to  1500  metres,  25  thousand  million  tons,  or 
enougli  to  last  for  543  years  if  an  annual  output  of  100  million  tons 
was  maintained.  r>elow  this  depth  there  still  remains,  he  estimates, 
some  75  thousand  million  tons.  These  coal  deposits  correspond  with 
the  vast  iron  ore  deposits  of  Lorraine.  The  minette  district  of  the 
Upper  Moselle  is  estimated  to  contain  3000  million  tons  of  ore. 

The  annual  report  of  the  Westphalian  coke  syndicate  for  1900  is 
publislied.J  The  condition  of  the  coke  market  during  the  year  was 
vsatisfact<»ry.  In  the  Dortmund  district  the  production  was  as 
follows : — 

Tons. 
Output  of  syntlicate  coke  works         ....         7,786,347 
Output  of  five  nonsyndicate  works  ....  392,300 

Output  at  coUieriea  belonging  to  ironworks  1,465,510 

Total 'J.644.157 

This  iT})resL'nts  an  increase  of  17 '5  per  cent,  over  the  output  in  1899. 
The  numl>or  of  ct»kc  ovens  belonging  to  the  syndicate  amounted  to  8629, 
of  whicli  2(53.3  were  arranged  for  the  recovery  of  by-products. 

*  aiiirhivf,  vol.  xxxvii.  pp.  238-241. 
t  Stahl  uud  Eiscii,  vol.  xxi.  pp.  190-193. 
t  Gliickauf^  vol.  xxxvii.  p]).  373-377. 
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Brown  Coal,— The  seventh  annual  report  of  the  Aseocintiiin  of 
Rlienbli  Viioun  coal  producers,  covering  the  year  from  July  1,  1899,  to 
June  50,  1900,  has  Vjeen  published.*  The  pm<luction  in  1899  amounted 
to  3,984,500  tone,  or  1,230,000  tons  more  tban  in  1898,  The  output 
of  2,413,000  tona  during  the  first  half  of  this  year  shows  an  increase  of  , 
35*3  per  cent,  over  the  corresponding  period  of  last  year,  and  warrant 
the  assumption  tliat  the  year's  production  will  exceed  5,000,000  tons. 
Great  difficulty  is  experienced  in  obtaining  the  requisite  supply  of  labouTj 
notfthly  of  mine  foremen  and  subordinate  oihciale. 

Dealing  with  the  progress  that  has  been  made  of  late  in  the  RhentsliJ 

brown  coal  industry,  especial  attention  is  devoted  to  the  question  of 

brown  cckil  briquettes.!     The  production  of  thoio  has  increased  withl 

great  rapidity^  yet  the  demand  still  exceeds  the  supply*     The  production 

has  bean  as  follows  in  the  years  mentioned: — 

BfetHo  ToT>8. 

imO       ,        .        ,        ,        * 139.ii90 

Un 253,300 

mrr 630,470 

1898 023,  IHO 

Um  ^  .        . D29,30O 

The  increase  liaa  been  a  steady  one  year  by  year,  but  it  will  be  seen 
that  in  1899  it  was  as  much  as  51  per  cent  when  contpared  witli  the 
output  for  the  year  1898.  The  exports  to  Holland  and  Switxerknd 
amounted  to  146,090  tons. 


Qoads  Traffic  on  German  Railways.— The  total  gotnls  traffic 
carried  on  German  railways  in  1899  amounted  to  248,218/1  li)  tons,  or 
an  increase  of  22*8  per  cent,  in  four  years.  The  iron  trade  traffic 
included  in  1899  :— 


Coal. 
Brown  eoAl 
Iroti  or«i  . 

Pig  trou     * 

Iron  nad  at«el  . 

RaiU 

Iron  and  ■tee I  wares 

Iron  boileri 

Iron  tubt's 

IroD  tLTul  iteel  wire 

IroD  railwAj  sleeper i 

Iron  axle« . 


Metric  Tong. 
87,488.534 
10,211,442 
11,0413,9111 
S.m>l46 

1,3^^J3^ 

1,342.002 

B50.661 

273, 3SN) 
255.374 


*  GlUcka%f,  woL  xxjcvi,  p.  971. 
t  SMI  un4  Ei^n,  vol.  jcx,  p.  1299. 
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The  toul  mineral  and  metallurgical  traffic  amoimted  to    1S^,922.K'C^ 
tou«,  or  5G  i»er  cent  of  the  total  quantity.* 

Royal  Testinj^  InstitUtioiL — Details  are  given  as  to  the  mnh'.'^: 
of  tesU  of  various  kinds  made  at  the  Royal  testing  e?laLlisLixirL>^ 
Prussia,  in  the  year  1899.  Altogether  89  persons  were  empv^tni  k: 
these.  The  section  for  the  testing  of  metals  had  353  cases  .sul-niiit-ei, 
as  com[Kired  with  295  in  the  previous  year.  Some  67^  lebU  .  f  kll 
kinds  were  made  in  connection  with  these  as  compared  witL  4112  il  iL*: 
previous  year.f 

The  Kmpp  Steelworks. — E.  Schroedter  J  publisher  sc»n:^  !:> 
graphical  notes  on  the  founders  of  the  world-famed  Krupp  Works. 

The  Iron  Industry  of  Luxemburg. — The  official  Btaus:i-:>.s  :' : 
the  year  1899  show  that  there  were  then  at  work  in  Luxemb^r^  s^TrLtT- 
two  iron  ore  mines,  and  these  produced  during  the  year  6,01-l,3>4  :-::_' 
of  ore.  Pig  iron  was  T»roduced  at  eight  ironworks  in  tweniy-^ighi  r-Lir.- 
fumace.*.     The  t«>tal  quantity  made  was  982,930  metric  tons,  incl uiin^ — 

Jfctric  Tobft. 

Foaodnr  pig  iron 137.353 

Pig  iron  for  ingot  iron 05*2. 5i96 

For^e  i>:g  iron 152  *>>2 

There  were  cijit  f^-undries  ai  work.  Tliese  used  11.79'?  i-ins  ;f  r  .: 
iruii.  an«l  {►n-dut-eJ  11.154  t;.-ns  of  castings.  There  was  als*:-  .rne  5*.^^!- 
wurks  in  ••j>eraii'.»n.  The  total  number  of  workfier-ile  enijIrTrrl  jlz  :1- 
in.'n  urc  mines  nui:-K-r^d  C057.  Uf  these.  3714  wen>  empl.-yei  'iiiiT:- 
gr'in'l.  Thir  V>;ai=t-f'jri:a'jes  gave  employment  Vj  3737  work^-^ople,  I'-.-z 
f«..u!iJi:c.s  :-..  3lM.  ;i::J  ihe  steelworks  to  l*JOo,  a  total  of  ll.lOi*. 


XL— GREECE. 

Iron  Ore. — In  ^ireece  the  ir  ^n  ort  mining'  industry  is  of  ^TTitrs: 
iinpori'iii':-:  in  the  I<Ie  of  Seriphos.  In  1S8C*  the  eijK>rts  of  Lrjn  r-r 
aiiiountvi  10  170.1*11*  ti-ns.  of  wliich  S0.2S1  tons  wen:  :o  Enjlijii 
59,000   Vj  Germar.y,    15,»iC4   :-  Austria,    15,135   tons  to  cLe    C~::c-1 

.Slate.s,  and  C20."j  t.-ris  to  France. 

*    Vi   t'*-v-C    TT-ffOM"'-.:;  .Sm.'.'  u.-i  Ei4<n,  Vvl.  ix-  j-p.  11^1-117^ 
+  S'a':'  u  ..t  /;...*'    .  vol.  x\:.  i  t..  141-143. 
t  K-.-j'-.-'-f.  '  .Vj;.-i:'ri',  \\'\.  XX.  J. p.  -'.r.«  '^>0. 
j  C-r,'.t<.  '.:«  F-jrjii  ie  F:-iurf.  Huiiviii.  No.  174^. 
Echo  d^i  y[v\<tt  vol.  xxriL  j...  1291. 
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Xlt—irOLlAND. 

OoftLMinillg. — Holland  possesses  iiumonse  peat  bogs  and  also  col- 
lieries at  Heerien  and  Kerkrade*  The  output  of  coal  in  1899  waa 
212,973  tone. 


XllL—INBIA. 


Mineral  Statistics. — The  mineral  production*  of  India  in  1899 
iucluded — 

Coftl  . 4,<i37,iao 

Iron  ore     *.,,.,,  &iJ25 

MuDgAn«»e  or«  ...         ,        .        .         87,126 
OmphiiQ 1,53* 


XIY.— ITALY, 

The  Iron  Industry. — The  recent  progress  of  the  iron  industry  of 
Italy  id  stated  t  to  date  from  the  estjihlishment  of  the  Terni  Steelworks, 
Up  to  that  time  there  were  only  a  few  works  in  Liguria  and  Tuscany, 
and  some  blast-furnaces  in  Lomhardy.  The  various  ironworks  of  Italy 
have  entered  into  mutual  arrangements  for  the  sale  of  their  produce. 
Am  far  as  fiiiislied  manufactures  are  concerned,  foreign  goods  have  now 
been  almost  entirely  excluded  from  Italy,  the  Italian  works  supplying 
the  country  J  and  the  iron  trade  imports  being  now  practically  confined 
to  coalj  pig  iron,  and  a  portion  of  the  aemi'manufactnres,  Italy,  as  is 
known,  possesses  no  large  coal  deposits.  A  small  district  in  the  province 
of  Cuneo  ptoducea  some  antbracite,  hut  all  coal  for  coking  purposes  has 
to  be  imported.  The  production  of  pig  iron  is,  therefore,  only  possible 
practically  where  foreign  coal  can  be  obtained  at  cheap  rates  and  ore  is 
available.  It  is  confined  to  tl^e  coaat-Iine  opposite  the  island  of  Elba« 
But  even  here  no  large  blast-furnace  plants  are  lastingly  possible,  for  it 
is  believed  that  in  the  course  of  twenty  or  thirty  years  the  ore  deposits 
will  be  exhausted  if  the  annual  output  of  ore  continues  at  frani  200,000 
to  250,000  tons.  In  1S98  the  company  working  the  Elba  mine  erected 
an  ironworks  at  Piombino.  Charcoal  from  Tuscany  and  from  Sardinia 
is  used  as  fuel.     Italy  now  produces  annually  only  between  20,000  and 

f  *  *^BUtiMUm  of  Mineral  Production,"  C&Iqatt&,  1900. 

t  Oe^ttrreichitefiC  SeitKkr%ft  fur  Scrg-  und  MikUmweten,  ^ol.  ilii.  p.  22. 
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25,000  tOTi#  of  pig  iron,  and  b  tbarefore  coinpdled  to  tflipoffi 
170,000  lona  of  pig  iron,  150,000  Urns  of  »erap,  mad  from  I6,0M  ftfr 
20,000  toiii  of  eem]*n]ani]f4icturo0*  The*  Tcnii  work'  tdotm  umi  amad^ 
alicmi  90^000  toua  of  im ported  m&terid,  convert inj^  thlf  eliiilj  itf* 
mil  WAV  tnaitjriid  oiid  gitppUea^  for  Uit  fle^t.  It  is  aDttdp«i|«d  lh«i  ■■» 
blast-furtiace^  will  bo  crect<^d  in  Iialy,  Tho  ruili tig  milk  luiva  rt«f«llf 
iitider^unc  lni|>rovetDent,  and  with  itie  enUri^mrnt  of  t]i09«  AiBialivit 
it  ptobnblo  ih^t  Italy  will  soon  b«  in  a  jK^diiion  lo  do  C)Oiiit>]«t€ljr  wtlkMI 
the  ptiMient  Iniporrntioti  of  uicrclmiit  iUeela  from  the  Uailid  KiagpiMW 
liel)(iunif  and  Gumuuiy.  FinUhml  stieeTs  m  sniAll  riim  ar«  wndu  ftl  t^ 
foKiiig-milU  at  I)ongo»  on  tht^  l^iVti  of  Corno.  Th<s  tatport  of 
baa  be«it  largely  djmiiiiihed  by  the  action  of  tho  ayndkata 
t«f6rf«d  lo,  which  compels  ita  euetom«n  only  to  unfiart  aiie 
are  not  proiluced  iii  Imly.  Ab  iHii  Savona  works  flow  mlla  baaiM  «p  la 
wiftmi  10  iuf'ht^A  high,  only  liirg^r  itiias  ara  intpoftad,  Formarly  kt§^ 
qimntitiai  of  itnplatc  were  ]ii]|>orted  into  Italy,  liut  now  tba  Xairvaa 
worki^  at  Fiombin<»  ^nppliea  nearly  the  whole  4)uantaty  iw|iiitad.  Ii 
1898  uuly  ItilO  iuntt  were  iiii|M>rled,  7200  toiu  being  toada  la  Italj 
Ai^  howarer,  1 1 50  tcma  wera  exported  lo  the  Afganiina  RapnUkv  oa^ 
500  really  r(N|nircd  to  W  itnportad.  While  the  tBi|aifla  nf 
materia]  thun  iliniiiunht^d  very  greatly,  the  qnabtltiea  of  mw  3 
importad  are  rapidly  iucreaiirig. 


XY.—JAFAK 


Tbi  Irm  Trtdo  Profrtii.— C*  Luwl*  iloaU  witli  Um 

■tolltti'^  Maqed  by  the  Jit|Mnei*«  Ministry  for  Agricoltimi  aod  ai^ 
Imita  na  fotbwt  the  condition  of  the  iron  trade  in  the  yeata  inS  mi 
1807 :  - 


QiapHli* 


Priw]iMitk«.       ft^ittllc^. 


!S,< 


atMtrtwhmkt  Mdimkwifif^r  Brnp^  wmj  Jfi 
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There  were  in  1897  113  coal-miiiea,  1  iron  ore  mine,  and  10 
etroleam  workings  Other  metak  are  also  dealt  with.  The  Kam- 
bi  ironworks,  which  has  been  in  operation  since  1823,  niaile  16,096 
of  pig  iron*  The  oldest  colliery  appears  to  be  that  of  Miike, 
rhich  is  stated  to  have  been  in  operation  since  the  year  1469.  In 
1897  it  produced  498,000  tons  of  coal .  Other  large  collieries  are  those 
Bf  Yftbari,  established  in  1876,  which  produced  in  1897  283,964  tons  of 
coal,  and  the  Akaike,  which  dates  hack  to  1G57,  and  produced  in  1897 
L^16G,000  tons  of  coal,  A  number  of  the  gold,  copper,  and  other  minefi 
^Bdate  back  to  the  sixteenth  and  seventeenth  centuries*  There  were  in 
^HDi>e ration  in  1897  204  mines  of  all  kinds^  and  these  were  provided  with 
^■1840  mine  engines,  most  of  which  were  driven  by  steam.  There 
were  39  djnaxaos  in  use. 


I  MimBg  Statistics, — During  the  year  1898  there  was  produced  in 

^fejapan^ 

^B  Brown  coal      ........  6,ai>8,(m 

^p  AntbrtH^itc  53JT6 

I  Coke 44,825 

f  Gr*pbit©         .,,..,,.  S47 

I  Viglrm  ........        .  20,588 

I  Steel  aad  mulle^blo  Iron 3»D21 

i      The  quantity  of  unrefined  petroleum  raised  was  50^533,740  litres,* 

In  the  island  of  Formosa  there  are,  according  to  K*  Yamasaki, 
important  deposits  of  gold  ore,  coal,  and  eulphur.  Petroleum  is  also 
met  with  in  small  quantities.  The  coal,  which  is  reserved  for  the  use 
of  the  Japanese  navy,  is  of  Tertiary  age.  Some  15,000  tons  are 
raiseil  annually.  The  best  coal  is  mined  at  Skikyakutei,  Benryoko,  and 
Sanaborei.  t 


XYL—iYOEWAY. 
Norway  as  an  Iron- Producing  Country.— 0.  Vogel  J  observes 

that  while  Sweden  has  for  centuries  been  an  iron-producing  country, 
Norwny  is  still  dependent  for  its  iron  on  ff*reign  countries.  Thia  waa 
not  always  the  case,  however.  Once  upon  a  time  Norway  possessed  an 
iron  industry  that  stood  worthily  by  the  side  of  that  of  Sweden.     The 

*  St4ihi  mid  Bistn,  vcl  xx.  p.  82L 

t  P^krmann'^a  Mitthfiiunffcn^  voL  jld.  pp.  221-334. 

+  Staht  und  Eiten,  toI  mx.  pp*  U38-X146  and  1190-1304, 
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authoi*  now  oonaiders  the  me  nnd  progttm  of  the  itOA  Inula  of  Konnf, 
btid  tiien  shows  how,  de«pite  iti  ^i^at  nehrt  in  iron  ort,  llw  bdtmj 
gradually  dicfd  out  during  the  socond  half  of  the  ImI  esolttrj.  lUi^ 
raftrs  to  thd  |>0Euiibilitte8  tha  country  poHBiiii  of  ifiiB  bccowJlf  • 
iron  |irmlucer. 

At  what  dftt«  iroft  siQf^limg  began  in  Norway  is  not  koown  witk  i^ 
c«rUiuty.  Probably  the  bog  sad  lake  ores  were  the  fini  la  I*  HilfaA 
Although  ill  its  mountaiji  mtigns  Norway  po«i#ia<ia  ofet  of  all  kimk^ 
mining  in  theso  diatricts  only  developod  at  a  compamtiTolj  bit  ilii^ 
prohahly  in  oonsoqn^noo  of  the  local  ;)oIiticjil  conditkoi.  Tba  i 
sketches  the  early  mo>Iern  hbtory  of  mining  in  Norway  in  amiM 
ahuiring  tho  difflculUea  wit  h  which  it  had  to  contend  At  ibo 
time  Norway  lua  only  one  ironworks,  and  avon  thb  of  Islo  kaa  <taa 
nothing  moro  than  work  up  iron^  not  making  any.  Al  tlio  waiUlt  d 
tha  lost  cuniury  Norway  possasaad  MTantoeti  ironwofk%  of  whUk  i 
w«r»  then  in  full  work.  The  oldest  of  these  was  probaUj  tha 
Foaaum.  it  waa  aituatOil  a  ahorl  dtatanca  from  the  tAmn  of  i 
Agricola,  who  died  in  1555,  rvfiirs  to  it  Tlio  VHu^m  irorfc% 
town  of  IjinrTig,  was  in  exijit«iic6  in  the  middle  of 
cinitury.  The  third  oidaat  works  waa  an  ironworks  at  ] 
wan  ttttirtetJ  in  tha  year  157S.  Other  h  yrka  are  also  i 
only  works  now  in  exiiteoce  is  that  at  Nw^  near  Tva 
QMkes  eicloatTtly  opan-bisrih  malenal.  Al  the  < 
ninttka  a  Uaa^fumaoa  wia  al  work  here  whidi  ptodBttd  vidtly  hm 
75  la  100  tons  of  charcoal  pig  iron.  These  oree  cam*  from  dhi 
Klodebtrg  mine  naftr  Arentbl,  but  tha  abaanoa  of  railway 
ation  ibrow  gfoal  difficulties  m  the  way.  In  1897  tbii 
flojed  130  workpeople.  The  princt^Mi]  works  at  the  tninldlfl  of  lbs  tiil 
oenlory  was  tlial  of  Count  Launrig.  It  posaeaaed  three  diArisoal  kliil' 
tunMoaa  and  eleven  cbaA9oal  hearthi,  obtAtned  from  thm  tomli  W 
longing  to  the  G)unt  Not  only  did  th<)  Count  poweaa  the  iiglil  io  • 
large  district  that  no  peasant  could  acll  wood  and  chaioaal  eieapilfl 
kink  hut  he  waa  also  free  from  all  taxation^  In  the  eonitniclMi  of  A* 
Uast-fumaco  a  vi-ry  fire*re*iating  aandjtone  waa  eoipkiyed.  Mi^ 
dtrioualy  thta  was  imporl^il  from  England,  annthwr  pfoitf  of  Uba  di* 
liade  relationa  which  ejuated  between  Norw«|  anil  lliia  tuiintiy.  1W 
otai  aaiallod  were  m^gnetitea  of  virytng  dugraaa  nt  purity.  TIsy 
afotif»d  48  to  &0  par  oani  of  iron,  tliey  ware  derivfitl  frooi  ainas  m 
Uia  neighbourhood  of  Aranilal,  at  aome  dialanoe  froBi  the  worka.  Tkfe* 
or«^  liowever,  and  a  large  portion  of  the  cbareoal  waa  bra^l  la  Hm 
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I  Works  by  water  carriage*.  The  ores  were  first  calcineii  aod  then 
ptam|»ed  small  hofore  being  charged.  They  had  fluor  spar  and  crtlc  spar  aa 
jgangiie  and  an  additioiml  flux  was  not  necessary »  The  blast-furnaces 
If  ere  tapped  every  twelve  hours.  The  three  blast-fttrnacea  produced 
between  them  aWiit  1600  tons  of  pig  iron  per  year.  One-fifth  of  this 
was  umd  for  ordinary  castings,  while  the  remainJer  was  converted  in 
^^lie  hearths  into  wrought  iron  and  exported  to  England  and  elsewhere, 
^B  The  second  largest  ironworks  of  Korway  was  situate  In  the  vicinity 
^Lf  the  town  of  Moss,  near  Christiania.  It  was  erected  at  the  com- 
*  mencement  of  the  eighteenth  centnry,  and  at  the  time  of  Jars*  visit  to 
the  proprietors  was  being  operated  by  the  Messrs*  Anker^  father  and 
son.  This  firm  had  made  an  agreement  with  the  Xing  ol  Denmark, 
in  accordance  with  which  the  works  provided  yearly  one  hundred  12- 
pounder  cannon  for  the  Danish  fleet.  In  addition  to  cast  iron  guns  the 
works  produced  castings  of  all  kinds.  These  were  made  of  a  specially 
Imrd  kind  of  iron*  Bar  iron,  sheets,  and  nails  were  also  made.  The 
sheets  were  not  Ijeaten  out  tinder  the  hammer,  as  was  then  customary, 
hut  were  rolled  by  the  aid  of  two  cast  iron  rollers,  2  feet  long  and  7  to 
8  inches  thick.  About  150  men  were  employed,  which,  under  the  then 
existting  conilitions,  was  a  considerable  number.  At  the  conclusion  of 
the  account  of  his  Norwegian  visit  Jars  also  mentions  the  works  at 
Kongsberg.  Lengthy  statistical  details  are  given  as  to  the  iron  trade  of 
Norway ;  these  include  the  production  of  iron  ore  for  each  of  the  years 
1866-1S97,  and  also  for  the  year  1850,  and  the  exports  of  Iron  ore  for 
each  of  the  years  1861-1898.  Both  these  are  unimportant^  In  1850 
Norway  raised  24,000  metric  tons.  The  maximum  output  was  in  1872, 
when  32,980  tons  were  raised.  After  that  the  quantity  dwindled,  until 
in  1885  only  300  tons  was  produced*  Bince  then  there  has  been  a 
slight  increase.  In  1897  3627  tons  were  raised.  The  statistics  relat- 
ing to  the  exports  of  ore  show  these  as  having  of  late  years  slightly 
exceeded  the  production.  Other  details  show  the  exports  to  the 
United  Kingdom  and  to  Germany.  The  production  of  pig  iron 
and  castings  in  Norway  in  the  year  1781  was  82 1&  metric  tons, 
After  that  there  was  a  diminution  in  the  output,  and  the  average  for 
each  of  the  years  1813  to  1817  was  only  3450  tons.  After  that  it 
again  increased  until  a  maximum  was  reached  in  the  period  1841- 
1645,  when  the  average  yearly  production  was  10,230  tons.  Since  1896 
B|io  pig  irr>n  OF  castings  have  been  made.  01  bar  iron  and  steel  4160 
tons  were  made  in  1866  and  452  tons  in  1897.  For  1898  and  1899  no 
tiatics  are  given.     Details  are  given  as  to  the  iron  trade  imports  and 
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«icport4t*  After  these  etatUtical  Ubki  tbe  auliior  pagMi  lo  a  «•- 
fcid'^mtion  of  the  leaaonii  why  the  iron  indimtry  of  Nonrmjr  hm 
Tfjis^  he  thinkf,  hu  not  for  its  CAum  the  uWtiC!fi  of  ircm  ore%  hnili 
fact  that  Norway  poateiiei  no  p>od  eoal.  Although  Korvsf  it  o- 
tmmtlj  rich  in  forasis,  yet  th^  native  chareoal  pig 
eompete  commeremlly  with  the  (hi*tig>c^r  foreign  ooke  pig 
for  €od  made  in  the  Jiideren  dintrict,  between  BtaYmcigflr 
have  all  ji^tven  uiiaatiafactory  reaults.  The  c»ti1y  known 
of  bituminous  eoal  in  Norway  i&  on  the  iaUiid  of  Andov  tW  m^ 
northern  of  the  I^>foten  gTi>ui>.  So  far  hack  aa  LHT^  cofti  mamawmf 
found  on  the  weet  com%  **f  ttte  inland.  Thotigh  tbaae  are  afit  if 
any  great  else,  they  are  eaid  to  contain  a  good  coal  mad  mw  tiMi  «i 
eatily  ba  mined.  In  the  years  1305  and  1S96  boringa  umim  is  Iha 
itatefii  portion  of  the  iilaud  proved  the  t*xiiienc«  c|  eftttiidigafch  A»^ 
poelta  of  gaa^coaL  These  have  a  length  of  five  and  a  ball  nilea  aal  • 
width  of  rather  over  three  tmlee.  They  Tv*i  on  granite.  Qiaite 
mych  attention  haa  been  tlevoted  in  Norway  to  the  eoal 
Spiubergen*  According  to  I)e  Gi^er,  €i>al  iitfania  are  found  la  bh^j  f&fB 
of  Weat  Spttibergon,  while  K*  Mewiui  *tatea  that  Uiai  eod  ja  m  mm/ 
plaoea  of  very  aatiafactory  a<iftlit> ,  though  it  doea  not  eaeoi  to  oomt  m 
any  very  large  (^cnintitici.  Frequently  the  i#aiiia  are  very  few  in 
and  only  a  fool  tkiick*     A  inore  thorou^TT  /mtlon 

lii  be  rvquiri*d  before  It  can  be  aac^yrtt  ither 

pay  lo  work.  II  the  local  eondttionA  generally  do  not  prtive  loo 
torjTi  tfateo  depotiU  may  itipply  the  narthcni  |»ert  of  NfTrway,  Al  Jf^ 
Norway  is  entirely  dtpendf^nt  on  imptrtc^d  aial.  The  ieipafls  if 
from  the  Uniled  Kingviom  were  235,447  tout  in  1^70,  HX^ 
Unm  in  1S80,  76li,9U5  toni  in  IBl^O,  and  aa  tnnch  m  I,:^T4,&$1  yam  m 
I89U.  Tlie  ini[it)rti  of  cuke  have  inereaaed  at  a  itUI  grnit«r  imtew  It 
I6SQ  there  was  imported  frvim  tftrmiany  IQO  lon%  whil*  in  ll^W  lilH 
metrSe  tona  were  iin|Kirteii  ¥nm  £ii|^huid  tlie  tmpiitta  have  hmm  «* 
loUowi  ' — 

wm  4a.»ft 

tm  .  m,9m 

im  .  iCi« 

tm    .  ii^ttl 

IM  .  mm 

WHiU  Korway  i*  grciUly  lacking  in  0Qal«  it  poaHaaaai  on  thm  eilMr  kaii 
numerdna  eooitee  of  wat^^r  {tower.  THoee  wbiefa  will  be  ef  tba  w^ 
iaipoftanoe  in  tbe  naar  future  ai«  tbnae  tlut  ImUik^  eoutii  of  1V» 
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theim.  Quite  a  number,  running  Into  thousatida  of  !iorse-jH>wer,  are 
8tUl  unutilised  there;  but  those  which  would  jield  the  whole  year 
through  10,000  horao-power  or  more  are  few  in  number.  Indeed,  the 
only  river  where  the  conditions  are  favourable  enough  for  the  ytili^tioii  t 
of  so  large  a  horae-power  is  the  Glommenj  which  rises  in  the  neighbour- 
hood of  Koroa  and  has  a  fall  of  2560  metres.  With  its  normal  height 
of  water  it  is  capable  of  yielding  about  300j000  effective  horse-power. 
In  1896  a  commencement  was  made  towards  the  utilisation  of  these 
enormous  aourcei  of  power  on  a  larger  acale  than  was  formerly  the  case,  i 
Whether  it  will  be  possible  in  the  future  to  utilise  them  for  the  redue- 
tion  of  iron  seems  at  present  very  doubtful 

Dealing  next  with  the  supplies  of  iron  ore  available,  the  author 
observes  that^  although  not  exactly  rich  in  iron  ore^  the  country 
possesses  some  not  inconsiderable  deposits^  especially  in  the  Nordland 
diatrictv  According  to  Vogt,  the  ore  deposits  there  mfif  be  divided 
iato  two  main  groups  :^{1)  The  ores  in  the  Danderland  Valley  in 
Eanen^  those  of  K  a  verbal  igen  in  Sal  ten,  Tomdj  &c. ;  and  (2)  the  or^ 
deposits  of  the  Lofoten  and  Vesteraalen  Islands  and  Stjernd  The 
first-named  are  usually  of  great  length  and  size,  but  of  low  contents  of 
iron.  Til  is  averages  only  about  40  per  cent*,  and  the  percentage  of 
phosphorus  is  about  0*X  The  ore  is  usually  high  in  silica.  Only  the 
richer  portions  can  therefore  be  smelted  direct,  while  the  remainder 
has  to  be  enriched  by  magnetic  methods.  Some  experiments  have 
shown  tliat  the  Bunderland  and  Kfiverhangen  ore  are  readily  reducible 
in  size,  and  that  one  ton  of  ore  yields  about  half  a  ton  of  washed  ore^ 
containing  about  60  per  cent,  of  iron.  The  Selvaag  and  Yesteraalen 
ores,  which  also  only  contain  about  40  per  cent  of  iron,  contain  con- 
siderable quantities  of  titanium.  Their  gangue  is  basic^  and  it  might 
therefore  be  possible  to  utilise  them  as  fluxes.  The  author  refers  to  a 
number  of  the  deposits,  quoting  from  accounts  by  H.  T,  Newbiggin, 
Vogt,  Head  J  Bowron,  &c.  Attention  is  drawn  to  the  Ekersund  mine, 
where  the  ore  is  almost  pure  ilmenite,  and  contains  about  40  per  cent^ 
of  iron  and  some  40  to  42  per  cent,  of  titanic  acid.  The  future  possi- 
bilities of  the  Norwegian  iron  industry  are  then  further  passed  in 
mview,  and  the  possible  utilisation  of  the  considerable  deposits  of 
apatite  that  occur  in  Norway.  A  Swedish  engineer,  A,  af  Foreelles, 
suggested  that  it  might  be  possible  so  to  arrange  the  smelting  as  to 
cause  the  pig  iron  made  to  be  really  a  by-product,  a  phosphate  slag 
suitable  for  manurial  purposes  being  the  main  product,  So  far  back  as 
1892  experiments  in  this  direction  were  made  at  one  of  the  blast* 
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furnaces  of  the  FinnBhiitte.  The  resalts  were  relatively  very  satis- 
factory, despite  the  fact  that  an  ordinary  blast-furnace  was  used,  with 
the  result  that  phosphorus  passed  into  the  iron.  More  recently,  ex- 
periments in  this  direction  have  been  made  at  the  Christiania  steel- 
works.    The  following  was  the  composition  of  the  charge  : — 

9  kilogrammes  iron  scrap. 

6*5  kilogrammes  phosphate  material  from  Kragero. 

1  '5  kilogramme  oharcoaL 

The  fusion  lasted  4  hours  and  20  minutes,  with  the  result  that  a  slag 
of  the  following  percentage  composition  was  obtained  : — 

SiOj.  FegOs+AlgO,.  C»0.  PaO*. 

40-99  13^  34-92  1*98 

The  iron  then  contained  phosphorus  equivalent  to  12*80  per  cent  of 
phosphorus,  5*26  per  cent,  of  carbon,  0*29  of  manganese,  and  2*19  of 
silica.  Another  experiment  with  Bessemer  scrap  gave  a  slag  with  13*04 
per  cent,  of  carbon,  the  phosphorus  in  the  iron  made  being  equivalent  to 
11*58  per  cent.  Other  experiments  yielded  slags  with  14*70  per  cent 
and  17*03  per  cent,  of  phosphoric  acid.  In  the  latter  case  the  phos- 
phorus in  the  iron  was  less  than  one-third  of  that  shown  in  the 
iron  from  Charge  No.  1.  The  experiments  were  made  in  a  graphite 
crucible.  In  conclusion,  the  country  is  too  poor  in  coal  of  good 
quality  ever  to  become  a  large  iron  producer ;  and  similarly  the  iron 
ore  deposits  are  not  large  enough  to  make  it  a  large  exporter  of 
ore.  On  the  other  hand,  it  may  be  able  to  do  without  importing 
foreign  iron. 

0.  Vogel  *  has  received  some  further  details  from  J.  H.  L.  Vogt  in 
reference  to  his  article  on  Norway  as  an  iron-producing  country,  and 
these  he  gives. 

A  comparative  statement  is  published  of  the  mining  and  metal- 
lurgical production  of  Norway  during  each  of  the  years  1896,  1897, 
and  1898.  The  output  of  iron  ore  increased  from  2000  metric  tons  in 
1896  to  3627  tons  in  1877,  and  to  4425  tons  in  1898.  Of  pig  iron 
325  tons  were  made  in  1896,  417  in  1897,  and  231  in  1898  ;  while  of 
steel  there  was  produced  400  tons  in  1896,  452  in  1897,  and  379  in 
1898.t 

♦  Stahl  inul  Eiscn,  vol.  xx.  p.  1.304. 

t  Xor(/rs  ojfiri(nn'  Statixtik,  Cliristiania,  1900;  Ocsterreichische  Zeitschrift  filr  Berg- 
und  Huttcnincscn,  vol.  xlix.  p.  14'.». 
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-KYU.—ROUMANTA. 

Petroleum  Production.— The  Eoumanian  petroleum  statistics 
for  the  year  ending  April  1900  have  been  published.*  The  production 
was  as  follows  : — 


District. 


Boreholes. 

Wells. 

Output. 

14 

1 

84 

9 

254 

103 

335 

77 

Tons. 

11,307 

9.995 

197,330 

6,059 

108 

769 

224,751 

Bacau    . 
Dimbovitza   . 
Prahova 
Buzeu   . 

Totals 


The  production  in  previous  years  was  as  follows  : — 

Tons. 

1895-96 73,400 

1896-97 85,000 

1897-98 135,000 

1898-99 182.640 

In  a  paper  on  tlie  petroleum  industry  oi  Koumania,t  C.  Alimanestianu 
and  Edeleanu  point  out  that  Eoumanian  petroleum  was  known  as  far 
back  as  1640.     The  first  plant  for  its  extraction  was  erected  in  1857. 


XY  III.— RUSSIA. 

Coal. — The  production  of  coal  J  in  Russia  for  the  first  half  of  1900 
was  as  follows  : — 

Districts.  Poods. 

Donete  basin 331,000,000 

Poland 121,792,260 

Ural 12.593,452 

Central  Russia 9,113,822 

Caucasus 2.085,043 

Total 476,584,577 

The  coal  raised  in  the  Moscow  district  for  the  first  eight  months  of 
1900  was  10,254,694  poods,  this  being  the  production  of  nine  working 
collieries.     The  total  average  number  of  workmen  employed  was  1867. 

•  Monitorul  intcreselor  petroHfrre  romine,  vol.  ii.  pp.  519-620. 
t  Mining  Journal  V(»L  Ixx.  p.  1372. 
X  Communicated  by  Mr.  Sergius  Kcru. 
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The  total  quantity  of  coal  raised  in  1900  was  in  round  numbers 
1,000,000,000  poods. 

Donetz  basin 700  million  poods 

Poland 240       „  ,, 

Other  districts 60       „  „ 

In  1900  200  million  poods  were  imported  from  England,  as  against  210 
million  poods  imported  in  1899. 

Goal  and  Iron  Industry. — In  an  exhaustive  paper,  Neumark^  deals 
generally  with  the  coal  and  pig  iron  industries  of  Kussia,  and  in 
particular  of  the  southern  portion  of  the  country.  The  author  points 
out  that  as  in  Germany,  there  are  in  Russia  a  number  of  iron  and 
coal  districts  which  work  more  or  less  independently  of  each  other,  and 
enter  into  mutual  competition. 

The  Russian  iron  industry  is,  however,  undoubtedly  very  ancient. 
Still  one  cannot  speak  of  a  true  iron  industry  before  the  seventeenth 
century.  In  an  old  book  of  the  year  1805,  on  the  production  of  pig 
iron  in  Russia,  published  by  a  Swede  named  Norberg,  it  is  stated  that 
blast-furnaces  of  some  size  were  erected  in  the  neighbourhood  of  Tula 
about  the  year  1628,  and  that  it  was  believed  that  German  settlers 
there  had  had  a  hand  in  tliis.  From  Tula,  that  is,  from  the  Central 
Kussia  district,  the  blast-furnace  industry  spread  in  the  first  instance 
to  the  Urals  and  Siberia.  Peter  the  Oreat  was  the  first  to  issue  any 
laws  relating  to  the  industry.  At  the  commencement  of  the  last  cen- 
tury the  annual  j)roduction  of  pig  iron  in  Russia  was  about  80,000 
tons.  Since  then  it  has  gradually  increased,  but  almost  continuously 
year  by  year.  In  1850  it  was  about  250,000  tons,  in  1880  about 
twice  that  figure,  and  in  1891  above  a  million.  From  that  time  on  the 
increase  became  very  rapid,  as  the  following  statement  shows  : — 

Pig  Iron 
Production. 
Vc:ii .  Metric  Tons. 

ls<Jl 1,004,800 

ISIU 1,149,010 

1805 1,452,420 

1S07 1,880,410 

IS'JS 2,219,850 

ISIM) 2,703,890 

The  author  gives  .similar  details  relating  to  each  of  the  chief  districts 
in  Uu.ssia  for  each  of  the  years  1880-1889.     South  Russia  now  pro- 

*  Stahl  und  Ei'scn,  vol.  xxi.  \)\k  G2-G8  .ind  110-122,  with  geological  map,  plate  of 
blast-funmoe  .sections,  and  13  illu.strations  in  the  text. 
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duces  50  per  cent,  of  the  fcotal  prodttction  of  pig  iron  in  Rusaia,  the 

I  Urals  27  per  cent.,  Poland  11,  and  Central  Russia  9*     The  other  dia- 

tricts  each  yield  ahout  1  per  cent,  or  le^.     The  coal  industry  haa  also 

increaiaed  with  great  rapidity,  as  the  following  tahle  shows  i — 

Cojil  Proiluclioiu 
^^^'  Metric  Tonii. 

18G0  2mjm 

1870  , 694,520 

ISro 3,28I>.080 

liSO .  6,Ol4ji30 

1S95 9,m^,Q00 

1899  -        ,        .        , 13,104,000 

South  Russia  in  1899  prcjdueed  64-31  per  cent  of  the  total  output  of 
coalj  and  Poland  30 "31  per  cent.  In  a  series  of  tahlea  and  diagrams 
the  author  shows  the  relative  position  occupied  as  producers  hy  the 
viirious  districts.  The  coal  industry  of  Russia  is  extromoly  modern. 
Ahhottgh  the  actual  occurrence  of  coal  has  been  known  for  a  very  long 
wLile,  no  regular  coal-mining  on  any  large  scale  was  begun  before  the ; 
1 855,  when  Poland  and  South  Russia  were  the  chief  producers,  and  even 
then  made  scarcely  150,000  tons.  It  is  only  since  thfit  time  that  the 
Government  has  paid  any  particulnr  attention  to  this  industry.  When 
it  didj  it  caused  a  rapid  improvement  not  only  in  Folanii  and  South 
Russia,  hut  also  in  Central  Russia,  the  Ural,  and  the  Caucasus.  This 
development  was  assisted  by  the  vicinity  of  large  consuming  districts. 
In  the  BonetE  basin  there  were  no  forests  at  all ^  and  coal  formed  the  only 
fuel  for  every  purpose.  The  neighbourhood  of  rich  iron  ore  dej^osits  led 
to  a  flourishing  iron  industry,  and  this  again  led  to  an  improvement  in 
the  coal  trade  of  the  district.  Despite  the  rapid  progress  the  coal 
industry  made,  it  did  not  at  all  satisfy  the  demand,  nor  does  it  do  so 
now,  for  although  the  production  has  reached  13,000,000  tons,  this  is  a 
very  small  quantity  compared  with  the  output  in  other  countries.  The 
United  Kingdom  and  the  United  States,  for  instance,  produce  fifteen 
times,  and  Germany  over  ten  times  as  much.  Indeed,  the  Russian 
coal  output  still  forms  only  2  per  cent  of  the  world's  produc* 
tion.  In  the  first  half  of  1900  the  production  of  coal  in  Russia  waa 
477,000,000  poods,  or  about  7,750»0O0  tons.  The  absence  of  adequate 
transport  and  trained  miners,  however,  arc  hindrancea  to  the  industry, 
which  can  only  slowly  be  overcome. 

The  pig  iron  industry  of  Central  Russia  is  the  oldest  In  Russia.  It  not 
only  posseted  good  deposits  of  ore,  but  was  also  rich  in  forests,  formerly 
extremely  so.    Until  1897  the  blast-furnacps  there  used  charcoal  only,  and 
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were  independent,  as  far  as  their  raw  materials  were  concerned,  of  the  other 
districts  of  Russia.  Nowadays  there  is  scarcely  one-tliird  of  the  forests 
remaining,  and  the  rapid  increase  in  the  cost  of  charcoal  has  rendereii 
the  local  conditions  increasingly  difficult  The  iron  ores  smelted  are 
hrown  haematites  and  spathic  ores.  The  former,  low  in  manganese,  are 
found  on  the  verge  of  the  Devonian  limestone  in  pocket  deposits,  and 
are  readily  won.  The  spathic  ores  occur  in  the  Jurassic  marl,  and  con- 
tain over  40  per  cent,  of  iron.  They  are  mined  from  a  depth  of  10  to 
16  yards.  The  methods  of  mining  in  use  are  still  extremely  primitive. 
The  ores  are  readily  reducible  in  the  furnace,  and  give,  on  account  of 
their  fairly  low  phosphorus  contents,  good  foundry,  forge,  or  open-hearth 
pig  irons.  The  two  chief  ironworks  are  the  blast-furnace  plants  at  Tula 
and  Lipetzk.  Both  of  these  use  coke  from  the  Donetz  district  The 
former  works  has  three  blast-furnaces,  of  which  two  are  in  operation. 
These  are  modern,  good- sized  furnace?,  making  about  120  tons  a  day. 
Their  dimensions  are  givea  The  consumption  of  coke  is  1*3  ton  per 
ton  of  pig  iron  made.  The  Lipetzk  works  possesses  a  quite  modem 
plant,  which  is  not  even  completed.  It  has  two  blast-furnaces,  half  as 
large  again  as  those  at  the  Tula  works,  each  of  the  Lipetzk  furnaces 
having  a  capacity  of  21,200  cubic  feet  Their  dimensions  are  given. 
Each  will  have  eight  tuyeres. 

The  next  district  dealt  with  is  the  Ural.  Until  only  a  few  years 
ago  this  was  the  chief  iron  district  of  Russia.  The  iron  made  from  the 
magnetite  of  Mount  Tagil  was,  for  instance,  world-renowned,  and  had  a 
ready  market  even  in  England.  So  far  back  as  tlie  seventeenth  century 
an  iron  industry  existed  in  this  district,  but  only  on  a  very  small  scale. 
It  did  not  really  exist  until  the  days  of  Peter  the  Great,  who  built  the 
Neviansk  works  witli  the  aid  of  a  German,  Wilhelm  von  Gennin.  At 
tlie  end  of  tlie  eighteenth  century  most  of  the  works  were  built  that 
still  exist  in  the  Ural.  This  district  has  now  120  blast-furnaces,  which 
make  betwem  them  some  750,000  ton?,  or  about  30  per  cent,  of  the 
total  pig  iron  production  of  Russia.  The  ores  are  chiefly  brown  iron  ores 
and  magnetites,  which  crop  out  in  very  many  places.  Clay  ironstones 
occur  less  fre(]iiently.  The  magnetites  occur  on  the  western  sloi>es  of 
the  Ural  range.  The  chief  of  these,  which  are  also  among  the  most 
important  that  exist  in  the  world,  are: — (1)  The  Blagdodat  mountain, 
witli  C8  per  cent,  ores ;  and  (2)  the  "Wisoka  mountain,  some  30  miles 
to  the  south,  with  very  g«»od  and  i)ure  ores,  averaging  about  66  percent, 
of  iron,  and  reaching  up  to  09  per  cent.  The  ore  of  this  mountain  is 
worked  open-cast,  and  is  relatively  easily  reduced  in  the  blast-furnace 
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I  without  other  additions.  The  numerous  deposits  of  brown  iron  or«  are 
^■iko  of  much  tmportauce.  They  reach  a  thickness  of  over  43  yards, 
^^n<l  when  calcined  the  orea  oontain  about  60  per  cent,  of  iron.  They 
are  mined  o|>^'ii-cust  n^nrly  everywhere,  at  ahout  2 '5  to  3  5  copecks  the 
pood,  or  say  3  5  to  SO  ahillinga  per  ton.  Although  the  Ural  is  thus 
e%tremeiy  rich  in  iron  ores,  they  are  wanting  in  good  deposire  of  coal* 
There  are,  it  is  true,  beds  of  coal  and  of  anthracite,  but  these  are  not  at 
present  of  industrial  importance.  The  true  fuels  of  the  Ural  are  wood 
and  charcoal.  It  has  heen  calculated  that  for  a  production  of  10,000 
tons  of  pig  iron,  and  its  further  conTeraion  into  merchant  iron,  as 
much  as  6^70,000  acres  of  forest  is  necessary,  with  the  assumption 
that  an  eighty -year  system  of  forestry  is  adopted  Despite  this 
enormous  requirement,  the  production  of  pig  iron  in  the  Urals  is  still 
cafiable  of  enlargemenL  In  the  European  and  Siberian  Ural  district 
there  are  100  millions  of  acres  of  forest  land,  and  less  than  20  per 
cent,  of  this  is  now  used  for  iron  smelting  purposes.  Still,  sooner  or 
lat«r,  the  ironworks  will  have  to  turn  to  mineral  fuel  instead  of  char- 
coal, and  even  now,  in  the  less  alforested  districts,  attention  is  being 
greatly  directed  towards  the  opening  up  of  coking  coal  deposits  by  the 
Siberian  Railway,  The  size  and  construction  of  ilie  blast-furnaees  at 
present  used  in  the  district  is  dependent  on  the  clmracter  of  the  char- 
coal available.  In  the  north,  firs  are  the  chief  source  of  supply,  while 
firs  and  birch  in  the  central  district  are  charred  together,  yielding  a  still 
better  charcoal.  The  best  charcoal  is  obtained  in  the  Southern  Ural 
district,  where  pine  is  the  chief  source  of  supply.  The  consequence 
is  that  in  the  Northern  Ural  the  blast-furnaces  are  rarely  higher  than 
some  42  feet.  In  the  Central  Ural  they  are  about  8  feet  higher,  and 
Kin  the  Southern  district  they  umy  attain  a  height  of  58  or  59  feet* 
'^  Their  average  out-turn,  taken  as  a  whole,  is  about  20  tons  per  furnace, 
the  maximum  output  being  about  50  tons.  The  blast  is  usually  heated 
to  300'  or  400'  C,  and  the  consumption  of  charcoal  is  about  100  to  115 
per  cent  The  average  cost  of  the  ton  of  pig  iron  is  about  £2  to  X2,  14s. 
The  autbor  gives  the  following  details  as  to  cost,  six  cases  being  given 

in  detail : — 

Copeoki  per  Pood  of  Iron. 

Ori .  6"93  to  19'4 

C()iiT«oa]      .,.,..  8-67  ,»  16-4 

LimeatcDit;  .,..,.  ml    „    0*9                              I 

Wpgei  at  furnace        .        .         .        .  l"5fl  „    2'&                                j 

Ofcber  workiiiK  <5hargei       .         .        ,  l'6S^,    S"6                               ' 

Twi««.        .,*.*.  ..,         2t 

Geoeml  escpvoaeft        .        >        «        .  ..,         6*& 
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The  lowmt  cost  quoted  la  28  13  copecks  p«r  paod,  and  tlie  hi^^ 
40*63  copecks.  These  eorreapond  to  about  37 '2  and  53 '8  sluUingi  pe? 
ton.  The  lowest  coat  is  in  the  case  of  a  works  using  dear  ehftrooal  bol 
eheitp  ore^  and  the  highest  in  the  case  of  one  UBing  very  dear  poor  on 
and  cheap  chAicoaL  TLie  largBst  outputs  quoted  wore  for  works  when 
there  were  used  (1)  dear  charcoal  aud  cheap  ore,  and  (2)  both  charootl 
and  ore  were  of  average  prices.  The  author  gives  a  number  of  anaijn» 
of  pig  iron  and  slags.  Que  curious  point  about  the  blast-fnmaces  of  Uie 
L^rals  ie,  that  many  of  them»  instead  of  being  cylmdricalf  are  elliptical 

section.  This  is  stated  to  iucrease  the  production  and  to  diminish 
the  consumption  of  charcoal*  The  small  section  before  the  tuyeres  hai 
the  further  advantage  of  enabling  a  very  high  temperature  to  be  pro- 
duced, with  the  result  that  even  the  diflBcultly  reducible  magnetilei 
can  be  readily  reduced  by  the  use  of  charcoal  fueL  At  Nijtii*Tagd^k, 
too,  the  blastr furnaces  used  in  the  reduction  of  special  pig  irons,  fenu- 
silicon,  ferromanganese,  and  fetrochronuum,  have  their  hearth  |iortiom 
qmtc  free»  These  are  removable  and  are  screwed  into  position  again  bj 
hand*  They  last  about  a  fortmght  and  require  about  twelve  hours  to 
replace  wheu  burnt  out.  This  arrangement  can,  of  course,  onlj  be  used 
fnr  small  furnacea.  Their  output  is  about  90  poocls  of  ferrosilicon,  at^ 
1 00  pDods  of  f erromanganesc*  It  has  often  been  proposed  to  take  the^| 
Ural  ores  to  the  Donets  basin  or  bring  the  Doneti  coke  to  the  Uniliy 
but  at  present  the  cost  of  transport  renders  this  commercially  impo8sihle, 
the  distance  being  about  1250  miles. 

The   very   rapid   iucrease   in  the   iron  trade  of   South  Russia  h 
already  been  referred  to.     The  main  cause  for  this  lies  in  the  existeuco 
of  the  coal  deposits  of  the  DonetE  basin.     The  area  of  these  coal  depoeitB 
is  about   12,000  squfire  miles  larger  than   any  other  Europein  eoal^ 
Beld.      It  is   not   rich  in   coal   for    an    equal   area,   as    Westphalia 
contains   i'4   times  as   much  in   the  same   area.     The  seams  do  not 
exceed  6  feet  7  inches  in   thickness,  and  rarely  5  feet.     As  a  ml 
they  are  about  2  feet  to  2  feet  6  inches  in  thickness,  though  a  seam  ol 
only  16'5  inches  is  also  worked.     The  total  thickness  of  workable  c< 
varies  from  69  to  1 25  feet.     Sometimes  the  seams  lie  close  together, 
other  times  they  are  over  400  yards  apart     The  district  is  a  difficult  om 
to  mine,  the  seams  being  often  folded  in  a  complicated  manner  as  well 
far  ajmrt.     The  Boneti  basin  con^tus  aU  kinds  of  coal,  from  those  witi 
40  per  cent*  of  volatile  constituents  to  anthracites  with  only  2.     The^ 
Griiner  table  for  Belgian  coal  does  not  apply  to  the  coals  of  the  Donetz 
baain,  where  sometimes  good  coke  results  from  coals  that  yield  as  much 
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90  per  cent,  of  coke,  and  from  c^ials  thai  yield  as  little  as  50  to  60 
er  cent,  Tlio  very  ^ame  eeams  of  coal  aiao  sbow  dilferent  propertiBs  in 
ifferent  parts  of  the  field.  In  one  part  the  seam  nwy  contain  long- 
lame  coal,  and  in  another  a  typical  coking  coal,  and  in  a  third  a  typical 
athracite.  Such  varietlea  take  place  within  a  diat^iiice  of  under  nine- 
een  miles.  It  does  not  merely  happen  with  a  single  seatu  of  coal,  hut 
lually  at  the  same  time  in  a  whole  group  of  aeams,  A  particular 
Dgical  horizon  does  not,  therefore,  necessarily  mean  a  particular  kind 
f^oal.  This  depends  on  other  causes  occurring  subsequent  to  the 
iginal  deposition.  Another  point  that  is  notable  is^  that  it  h  observed 
every  part  of  the  field,  that  the  deejier  the  sefim  from  the  surface  the 
volatile  products  does  it  yield  on  dry  distillation.  Down  to  a  depth 
656  feet  it  is  calculated  that  there  are  available  a  thousand  million 
ona  of  bituminoiia  coal,  and  2*5  times  this  quantity  of  anthracite.  Of 
the  formerj  about  one-fourth  is  long- flame  coal,  and  the  remainder  is 
available  for  coking  purposes.  All  sorts  of  coal  are  coked,  some  works 
employing  for  this  purpose  coals  that  yield  from  25  to  40  per  cenL  of 
volatile  products.  So  far^  relatively  little  anthracite  is  mined.  In 
18D8,  of  the  7,700,000  tone  of  coal  and  anthracite  raised,  only  900,000 
tons  were  anthracite.  In  1S99  the  quantity  of  coal  coked  was  2^000,000 
tons,  but  of  this  quantity  only  600,000  tpns  was  true  coking  eoal.  In 
1899  there  were  135  collieries  at  work,  with  shafts  down  to  over  1300 
feet  in  depth.  The  average  cost  was  from  4s,  6d.  to  7?.  per  ton.  The 
workpeople  only  work  240  days  a  year  in  consequence  of  the  numerons 
holidays.  This  prevents  the  production  being  increased  proportionately 
with  the  demand.  The  author  gives  a  number  of  analysers  of  Russian 
coals  and  cokes.  The  carbon  contents  of  the  Donetz  bituminous  coals 
varies  from  67  to  85,  and  of  the  anthracites  from  85  to  91  per  cent. 
The  percentage  of  ash  averages  about  5^  but  it  varies  from  1  "5  to  over 
25*  The  percentage  of  sulphur  varies  from  0"5  to  5,  averaging  2.  The 
ash  is  acid,  and  contains  about  40  to  50  percent  of  silica,  25  of  alumina, 
and  a  little  lime.      Five  coab washing  plants  were  at  work  in  1899, 

The  manufacture  of  coke  in  the  field  has  made  enormous  progress. 
In  1895,  500,000  tons  of  coke  were  made  in  937  ovens  ;  while  in  1900 
some  2,500j000  tons  were  made  in  about  4000  ovens.  About  two- thirds  of 
the  ovens  in  the  Donetz  field  are  of  the  Copp^e  type.  Their  dimensions 
are  given.  They  are  not  arranged  for  the  collection  of  the  by-products, 
and  it  is  only  of  late  that  this  has  received  attention.  The  first  of  such 
plants,  with  98  ovens,  was  started  in  1899  at  Uspensk.  OUjers  followed 
quickly.     The  (quality  of  the  coke  varies  remarkably^  both  physically 
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and  chemicallj*  lU  Id^h  jmlpbur  contents  neciiMitala  kstpfBg  Ik*  ikg 
in  the  bkstfumaco  irery  basic,  and  tlie  bigh  coal«lltB  of  ttHoi  ta  ll»  «ft 
tdeo  make  the  funiace  working  more  diflkult, 

The  ores  smelted  in  iho  I>n]ioU  bosin,  in  adxUiion  to 
from  ibt  great  Krivoitiof^r  do|»o«ii,  include  larnl  ^tliic 
iron  ofea,  and  quite  recently  on^a  from  ih#  Kert^h  dialriel  bafti  biS 
alio  nami     The  Doneti  ores  nire  on  the  whole  of  aaeowlary 
They  contain  from  35  t^  45  por  c«nt  of  inm  wnd  I  la  $  ol  i 

Tb#  aulliof  then  deaU  at  It-ngth  wiili  what  he  dfMmtas  m  at 
the  moat  important   lion  oro  occurrence  in   Rtia^ta^  Iha  Kiitciilff 
Tha  oiD  ayarages — 


tnrti, 
60 


1^1  ii» 


w i th  traccii  of  buI  phut.     Tba  tielieti  ore  ii  often  uf  a  ptil venUcol  i 

The  Crimt^a  in  tn^lieved  to  pcwMaa  Teij  largo  d^pt^jta  of 
aro  found  in  the  vicinity  of  the  town  of  KcrUch,  and  \hm 
naar  tbo  aurfac^u  and  in  mc\i  qtiantity  ihnt  it  will  Im 
tftit  by  tho  aid  of  nUam-diggi^ra.  Tht?  iron  con  Us  n  La  nmeh  up  %»  4$  fm 
c^nt  The  upper  nnd  lower  portiont  an  poofoct,  only  tba  eanUaJ  fail 
baing  won.  Thif  yiotda  ore  with  from  40  to  46  im  ctnL  et  iroii»  0*9 1» 
S  per  cant  of  mairganeae,  abont  15  {ivt  cent  %»t  iilica,  fklaftui  aliaia^ 
0*1  to  0  2  of  atdphur«  and  about  1'5  per  c^nt  of  phoaph^riia.  TIm  U^ 
ooittentB  of  phnaphonia  fnrm  a  very  valuable  addition  lo  tlia  nimlMili. 
and  will  ponnit  of  a  ImMk  mm  induiiry  in  Sonih  Bnaata.  TW  inM 
maaganilerona  portion  of  the  ore  often  eontaina  thUt  mmam  of  pern 
miAgpneie  ore,  and  it  is  poMible  by  aelection  to  {iroduda  am  tbat  vfl 
yield  a  pig  iron  of  any  deaired  compoaition*  Tbo  author  tabvklv 
datailod  atatomonta  aa  to  the  ooat  of  prtMlueMon  of  p^  iron  in  J^adl 
Rttiala  and  Poland.  Nine  eaaoa  are  giYc^n.  In  lii  of  Uiaoa  Uho  imI  n 
froa  about  £%  14a.  to  £3«  19a,  per  ton,  In  one  £2,  l8o.,  omI  b  t«a 
oboai  £4|  Sa.  to  £i^  8a.  The  ooat  of  produQtion  of  a  ipiaydibtft  wA 
SO  per  eent  of  mangmneae  ia  placed  at  £6,  la*  Tho  diaopeal  oo^  f% 
iron  in  Ihe  whole  of  Ruaaia  will  \m  that  made  by  i1m  now  votki  il 
Kettoch,  where  it  witl  asouni  to  from  £2^  Ga.  to  £%  12^  par  toiL  it 
Iho  proaonl  time  tfaero  ia  one  modonit«  atiod  blaatrfunuice  at  wofk  Uiifv 
tbo  Goko  for  which  ia  made  in  &0  Cnpp6e  orena  In  additaao  Im  II* 
troa  ore  dapoaito  of  Sonlli  Eiuda,  tim  author  alao  domb  with  lln^ 
of  ntanipyioae,  and  tlion  paatoa  to  a  eoiuidaration  of  tlio  iraii  oto  ai»daai 
drpoatta  of  Poland.  Up  to  18^4  the  pruluctton  of  |ij|;  irtm,  In  ^ilattl» 
wiOi  bo  %AmwTm^  relativoly  ttnJaportant ;  hut  Ibo  oitnbUaliaionI  of  h^ 
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ctiye  duties  m  fostered  the  industry,  that  it  has  since  made  rapid 
^ress.     In  condusiou^  the  author  points  out,   that  wliile  in   1B99 

Eanj  consumed  0"1284  metric  ton  of  pig  iron  per  head  of  the 
ation,  the  consumption  in  Russia  was  still  only  0-0289  ton.  He 
fcipates  that  the  price  of  the  metal  in  Russia  will  fall  hefore  long^ 
the  relative  conaumption  increase. 

he  business  otitlook  in  South  Russian  works  at  the  commencement 
901  was  not  at  all  encouraging.*  The  prices  of  pig  iron  have  fallen 
L  C5  copecks  to  50  copecks  per  pood,  Several  ^vorks  are  idle,  and  14 
t-fnrnacea  are  blown  out  Last  year  the  dillerent  Government  ordera 
leiptiUy  railway  materials)  to  the  works  situated  in  South  Russia 
J  valued  at  60  million  roubles*  This  year,  1901,  the  works  have 
em  men  t  orders  for  only  half  this  amount,  tliat  19,  for  30  million 
►les.  In  order  to  give  more  employment  to  the  steelworks  in  Russia, 
Government  gave  orders  for  steel  rails  to  the  mills  of  South  Kussia* 
3001,  0  million  poods  of  steel  rails  ar6  to  be  ordered  at  the  price 
rouble  25  copecks  per  pood.  This  price  is  fixed  for  three  years 
dl  Government  orders  for  rails, 

he  Paris  Exhibition  induced  W.  de  Kovalesky,  of  the  Department 
bmmeree  and  Industry,  to  prepare  an  exhaustive  monograph,  cover- 
1000  pages,  on  Russia  at  the  end  of  the  nineteenth  century. f 

^n  Trade  Statistics. — The  production  of  pig  iron  in  Russia  in 
first  half  of  1900  was  as  follows^  the  statistics  for  the  first  half 
^99  being  also  shown  :  X — 


Di«|det> 

Fint  Half  of 
1900. 

Firtt  Half  of 
1^99, 

1  South  Ruiiia .        ^        .        ,        . 

Uml        ,,,... 

PolAiid 

CentrAl  Ktttaia        .... 

North  Riitd* 

South'Weit  Ruiaia 

ToUJi         .         ,         ,         . 
Siberia    ,        .         .         .         .        ^ 
Finland  and  Imparial  Dominioni\ 
in  Siherlft     *        ,         .         .         / 

Gnmd  total 

Metde  Totti. 
725,035 
440.150 
125Jt^ 
IS1.771 
18,458 
1,1»4 

Metric  Tuna. 
031.0;}1 
ai*2.974 
148.251 
131.477 
16.115      1 
1.49S 

1,432,255 

1,321,3^ 

2.447 

13,115 

"- 

L:i36.!We 

fimiwuinicatgd  bj  Mr,  Setgms  Kvrn. 

J|ii^7ftia  of  UiiA  itupoftutit  ^ark  ia  givi^u  ia  the  Revue  Scimti/iqt»€  of  Jfttiuary  ^ 

lahl  unU  tUj^m,  vol,  XI,  p.  1237- 
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There  has  consequently  been  an  increase  in  the  oui-tum  of  the  six  fint 
named  districts,  which  amounts  to  110,909  tons  in  the  six  months  as 
compared  with  the  similar  period  of  the  preceding  year.  The  most  im- 
portant of  the  industrial  districts — South  Russia  and  the  Ural — shovs 
the  greatest  increase.  Poland  and  Central  Eussia  have  gone  back, 
however.  The  cause  of  this,  in  the  case  of  Poland^  was  the  sboit 
supply  of  coal  in  the  adjacent  Silesian  and  Austrian  coalfields  and  the 
strikes  in  Bohemia  and  Moravia,  the  Polish  iron  industry  being  entirelj 
dependent  on  the  imports  of  foreign  coke.  In  Central  Russia  the 
decline  has  another  source.  Here  two-thirds  of  the  pig  iron  produced 
is  made  with  charcoal,  and  the  decreasing  supply  of  wood  year  by  year 
leads  to  increased  cost  of  charcoal.  Again,  there  is  the  strong  com- 
petition of  the  coke  pig  iron  from  Central  and  South  Russia  to  contend 
against.  With  regard  to  the  statistics  for  South  Russia  those  issued 
by  the  St.  Petersburg  Association  of  Ironmakers  do  not  coincide  with 
those  published  by  the  Charkow  Bureau  of  Statistics.  The  former 
authority  places  the  production  of  pig  iron  in  South  Russia  in  the  first 
half  of  1900  at  725,035  tons,  and  the  latter  at  739,580  tons.  The 
latter  is  more  likely  to  be  accurate.  On  the  whole,  the  outlook  for 
the  Russian  iron  trade  is  not  unfavourable.  The  Manchuria  line 
of  railway  will  now  be  completed ;  another  line  about  1260  miles  in 
length  is  to  be  built  from  Orenburg  to  Taschkend ;  the  light  rails 
of  the  Siberian  railway  will  have  to  be  replaced,  and  there  is  likely 
to  be  full  work  in  all  the  shops  constructing  locomotives  and  railway 
waggons. 

The  position  of  the  market  for  finished  manufactures  has  also  im- 
proved. The  production  of  finished  iron  and  steel  in  South  Russia  in 
the  first  half  of  1900  amounted  to  389,231  tons,  of  which  333,853 
tons  were  sold,  the  remainder  being  worked  up  at  the  works  themselves. 

The  imi)orts  of  iron  and  iron  manufactures  in  the  first  half  of  1900 
were  much  less  than  in  the  similar  period  of  the  preceding  year,  as  will 
be  seen  from  the  following  table : — 


First  Half  of     First  Half  of 
1899.  1900. 


i  Metric  Tons.       Metric  Tons. 

Pii;  iron 56.100  |           25.442 

lion 151.574                 48.918 

Steel 20,557                 11.558 

Machines,    mucliine    parts,    loco-  )  gg  -q^  j           _.,  -^ 

motives,  and  iron  manufactures  j  syy.oyu  i           io,o\Ji5 
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The  quantity  of  pig  iron  that  is  now  imported  into  Buasia  amounts  to 
scarcely  2  per  cent,  of  the  total  consumption  of  pig  iron  in  Russia. 
The  time  is  certainly  not  far  distant  when  Russia  will  require  no 
imported  iron.  The  case  is  dififerent  as  regards  the  importation  of 
machinery. 

Production  of  Steel,  Weld,  and  Ingot  Iron.— A  similar  table  to 

that  relating  to  pig  iron  is  published*  showing  the  production  of 
finished  manufactures  of  steel,  weld,  and  ingot  iron  in  each  of  the  iron- 
producing  districts  of  Russia  for  each  of  the  ten  years  1890-1899. 
From  this  the  following  are  taken  : — 


South  Russia  . 
Ural 
Poland    . 
Central  Kussiii 
North  Kossia  . 
Finland  . 
Siberia    . 

Totals 


1880. 


Metric  Tons. 

108,800 

266,900 

105,300 

112,600 

82,100 

14,600 

4,300 


694.50U 


1896. 


Metric  Tons. 
263,800 
326,100 
177.200 
129,900 
145,600 
17.000 
1,600 


1.061,000 


1899. 


Metric  Tons. 
828,000 
422.900 
268,400 
187.000 
182.500 
11,200 
3.000 

1,903,000 


It  will  be  observed  that  South  Russia  in  1899  made  seven  and  three- 
quarters  as  much  again  as  in  1890,  Poland  over  two  and  a  half  times. 
North  Russia  shows  nearly  the  same  rate  of  progress,  and  the  Ural  and 
Central  Russia  districts  also  show  considerable  progress. 

Petroleum. — The  total  production  of  petroleum  in  the  Baku  district 
for  1900  was  600,326,000  poods.  In  1899  the  production  reached 
625,039,000  poods.! 


Imports.— During  the  navigation  of  1900,  1,639,089  tons  of  coal 
and  128,126  tons  of  coke  were  imported  through  St.  Petersburg  port. 
In  comparison  with  the  imports  of  1890  there  is  a  very  considerable 
increase.  The  figures  for  1890  were — Coal,  909,941  tons;  coke, 
42,472  tons.  Meanwhile  the  imports  of  pig  iron  to  the  same  port  are 
decreasing.  In  1900  the  imports  were  9080  tons  against  37,906  tons 
in  18904 


•  Slahl  und  Eisen^  vol.  xxi.  p.  41. 
f  CommunioHted  by  Mr.  Sergius  Kern. 
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*    Tbe  Ruseiaii  imi)o?ta  in  ISOO  were  mb  folbwjt,  in 


Goki. 

8hi«u  \tti  to  No.  3& 
VUim    . 
Rail- 


f 


915 

htm 

1,»H 

ros 

150 
37 

189 
4.iTl 

I2S 
1,097 

W0 
1.500 


t«M 


Me 

5,«uft 
1*675 


^  or 


ijm 

807 

m» 

-  Mt 

51 

-    Si 

431 

*  m 

7.0lt 

ma 

-  i« 

%w 

•   11 

afift 

4-     15 

lilIS 

*  ill 

boa  a&A  StMl  Indnitrr  in  tha  VraL~0.  Kaiai 

iOSit  fi0te»  on  the  iryii  and  steel  iodufltry  in  the  Ural     On  J4 
IMl,  UieTQ  we?e   107   active  ironwork^  of   which  6ft  ovutl 
(umaciit  IB  which  the  avemge  furl  contumptido  is  Oil  tM  of 
per  ton  of  iron.    Tbe  total  production  of  [ug  iton  iraa  Of«r  8(KI^0M| 
la  1900,  af  which  200,000  wiia  sold  ta  pig,  and  the  rwl  ooore 
eteeL     The  author  aIjo  diacuitteji  the  future  of  th«  lUiUicI  m  I 
and  fueL 

The  wmf9ntiT%  pfodaetton  of  pig  iron  In  the  Und  dlattkl  1 1 
hut  flTt  ft^n  waa  as  followi  :— 

Bixtj  6vc  prtv»to  worki  (ftiel,  chareoal)  prodii^*^ 

liJfM      .  ^I,597,l9i 

law  .                                                       35,i7i,eei 

taoe  .                                                     :ii,i5t.em 

laaa  :m,ui0m 
i«e 

Nisa  OofmuDaiit  worki  (fuaJ,  charcoal)  prodoeeil^ 


Minait 


*  /fw  Aful  C3M  tmim  MMim,  wkL  UU.  |i|i.  tt^  III. 
t  OiWOTtoatwl  by  Mi.  S^i««  Emm. 
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Ironworks   in  Siberia. — Iron  ore  is  widely  scattered  in  Siberia, 
but  the  deposits  are  not  well  surveyed,  and  only  six  or  seven  are  worked 
to  supply  the  five  ironworks  of  the  country.     These  are  the  Government 
works   of    Gourievski   in    the    Kuznetsk   coalfield,   Tomsk,   and    the 
Petrovski  works  in  the  Transbaikal.     There  are  three  private  enter- 
prises manufacturing  iron   and  steel  in  Siberia,   viz.,  the  Abakanski 
ironworks,  situated  on  the  Yenissei  near  Minusinsk ;  the  Nikolaievsk 
ironworks  near  the  confluence  of  the  Oka  and  the  Angara  rivers,  and 
lastly  the  Novo-Nikolaievsk  works,  located  at  no  great  distance  from 
the  preceding.     The  Nikolaievsk  works  are  the  largest,  and  the  plant 
consists  of  one  blast-furnace,  one  open-hearth  furnace,  one  cementing 
furnace,  five  puddling  furnaces,  several  reheating  furnaces,  five  steam- 
hammers,  rolling  trains,  &c.,  &c.,  and  the  management  finds  employment 
for  960  hands.* 


XIX.—SERVIA. 


Hineral  Resources. — The  mineral  resources  of  Servia  are  described 
by  D.  J.  Antoulat  in  the  official  catalogue  of  the  exhibits  in  the 
Servian  Pavilion  of  the  Paris  Exhibition. 


XX.— SPAIN. 


Mineral  Statistics. — Preliminary  statistics  of  the  coal  production 
of  Spain  in  1900  have  been  published.  J  The  production  of  coal 
amounted  to  2,680,193  tons,  or  3  per  cent,  more  than  in  1899.  The 
output  of  the  various  provinces  was  as  follows : — 

Provinces.  Tons. 

Burgos 600 

Ciudad-Beal 298,410 

Cordova 426,325 

Gerona 31,593 

Leon 265,631 

Oviedo 1,425,000 

Palencia 134,404 

Seville 118.330 

•  Iron  and  Coal  Trades  BevieWf  vol.  Ixi.  p.  1107. 
t  Induitrie  MivUre  Serba,  Paris,  1900. 
X  Bevitta  Minera,  vol.  lit.  pp.  109-111. 
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Tiio  pfo^nctiofi  of  anthraciie  nmonatod  to  154^3M  UmSp  of  l%Bii»| 
H?  ^  of  cjrvke  to  734,378  totiiip  and  of  briquettes  tai  SM,1C7  1 

-^  of  the  mm  or©  priMiuution  of   H|i&tii  ttt   I  WO  Wl 
bren  published.*    Thft  otitpiit  wiw  m  foU0W«  ;— 


3uttiiiul«r 

Or|«lo   .... 
MpJift  ftfid  Jmh    . 
NftTtm , 

ToUJ 

The  out|mk  of  th«  two  iRiMt  {iroductivQ  c^tnptxiki  bk  Bilban  «» 
foUow«:— 


Tun*. 

-*  rw 

411.009 

irjrt 

104.110 


Oi^ 

ll«n4aMl&««^ 

A«W«ni4fMi 

ikm 

tbial              .       . 

i.(rts,iia         M«|» 

The  niEpofla  of  Ifon  ore  frcnn  Spftin  «ttkoiiiit<H!  to  7»l^23»3?0  Iqo% 
wbl^  5,484,^^  tout  went  to  Gnmi  BnUifi.     T!io  pfodndioB  il 
trmi  «l  the  ihirte^ti  workR  in  opftmtion  in  Bpttii  wai  SM^IIS  kamK 
iliai  of  wfoughi  irr>ii  ftti*]  tteiel  ooin|»r]«Hi  91«560  loos  of 
ingot*,  MfiiS  totii  of  o|Mo*tieftrtli  ingots  1S5,045  iooi  of 
and  SlS,t21  torn  of  rolled  iad  forg«d  ttoo  md  tittL    Tlit 
fijg  Smii  miioatitttd  to  27«l€0  Unm,  tad  the  corumtuptkn  of  iron 
U>  249,$61  tonfc 

On  tlio  oaoifltoti  of  Ui^  Vmm  fixkibitiim,  U>e  Mt&iag 
BSIIao  proparai  ftO  oibAiultTi  aeeouttt ;  of  tho  ptcgimm 
iron  luinot  of  tho  pcovlnct  of  Vbciyft  from  IHIQ  lo  I8M* 


I  ITJufm,  *oL  UL  fip.  185-li7. 
Qttl««r«i  liilntMl  s^    4  aofy  «f  tlrii  wrk  bat  hmm 
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XXl—SWEDEJ^. 

Iron  Ore* — At  tlie  beginning  o£  l)ec ember  1900  the  last  steaTner 

Pa<len  with  iron  ore  left  Lule^,    Altogether  duriiig  the  stiitgon,  1,054,675 

una  of  iron  ore,  or  30^083  tons^  more  than  in  1899,  were  shipped.     The 

eater  jxirtion  went  to   Dutch    ports   for   the    Rhenish  Westphalian 

I  blast-furnace  8.     Next  year  the  Kiirntiavanra  mines  will  be  producing, 

Pand  when  the  railway  to  the  Norwegian  coast  is  fini^lioil,  as  it  is  be- 

ilieved*  it  will  be   in   1903,  an  estimated  output  of  1,500,000   tons 

i annually  will  be  shipped  from  these  mines. 
The  exports  of  iron  or©  from  Sweden  t  in  1 900  amounted  to 
1,619/JOl  tons. 
XXlt—SWITZEMLANR 
Mineral  Resources* — In  connection  with  the  Paris  Ex:hibition,  a 
description  ol  the  minera!  resources  of  the  Canton  of  the  Orisons  |  was 
prepared.  The  volume,  which  covers  47  pages,  and  is  illustrated  by  nine 
coloured  geological  sections,  contains  a  hifttory  of  the  mineral  output  of 
Bwitserland  by  1\  Lorenz^  antl  a  description  by  C.  Tarnu^sier  of  tlie  iron 
ore  deposit  in  the  Val  Sourf la,  between  Bonaduz  and  Versam,  and  of  the 
^^iron  ores  of  the  Sehmorras  Alp  in  the  Yai  Nandro^  Oberhalbstein. 

"  XXlU,—TUMKSr. 

Tlie  Mineral  Industry  of  Turkey*— ^ The  mineral  industry  of 
Turkey   is   but  small  §      In   Asia   Minor,    Macedonia,   and  Thesaaly 

mitit-mls  of  all  kinds  occur  in  quantity,  but  they  are  but  very  inade- 
quately worked*  This  is  largely  due  tc»  the  want  of  adequate  means  of 
communication, 

Cliromc  iron  ore  exists  in  larger  quantities  in  Asiatic  and  European 
Turkey  than  it  does  in  any  other  part  of  the  world*  It  is  mined  at  a 
Buinber  of  places,  the  names  of  which  are  given.  The  most  important 
of  these  mines  are  thos6  of  Dnglmrdi,  near  Kutahia,  which  yield  12,000 
to  15,000  tons  of  chrome  iron  ore  yearly,  and  this  formed  the  chief 
portion  of  the  exports  of  this  materiul.  About  equal  quantities  go  to 
Germany  J  the  United  States,  and  the  United  Kingdomj  and  a  somewhat 
araaller  portion  to  France* 

•  Induttrie,  December  1,  1900. 

f  €t>mii^  d€9  Fergu  d£  France,  Bulbtio  No*  1792* 

X  NoiictM  tur  qutiqtte^  Gutmefitx  Mitallifh'tadu  Cantmi  dti  Orkonit  GrmubUadeth^  1060, 

I  S^l  und  Ki»en^  vol  xx.  pp-  123^12^- 
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Manganese  ore  occurs  near  Balia,  but  the  deposit  near  Kassandra,  in 
Salonica,  is  richer,  the  ores  found  there  averaging  over  45  per  cent.  o( 
manganese.  These  latter  mines  export  about  45,000  tons  a  year.  Other 
manganese  ore  concessions  are  mined  near  Smyrna,  Makri,  and  on  tk 
Black  Sea,  but  these  only  yield  about  2000  tons  of  ore  a  year.  Iron, 
nickel,  and  other  ores  are  also  found  in  quantity,  and  some  statistics  are 
given  as  to  some  of  these. 

The  brown  coal  and  coal  deposits  of  Asia  Minor  are  also  referred  to. 
Brown  coal  is  found  there  in  many  places,  but  is  only  used  for  local 
purposes.  The  most  important  mine  is  that  near  Mandjilik,  in  the 
Brussa  province.  The  lignite  worked  there  is,  however,  only  used  for 
calcining  purposes  and  for  the  blowing-engines  at  the  works  at  Balia. 
For  actual  smelting  purposes  English  coal  is  used. 

Tliere  are  rich  deposits  of  coal  on  the  northern  shores  of  Asia 
Minor.  The  Heraclea  coal  has  been  often  examined,  and  generally 
considered  satisfactory.  The  Soci($t^  d'Heracl^e,  which  was  to  have 
opened  up  this  depoait,  is  stated,  however,  to  have  lost  about  J&800,000 
in  the  two  first  years  after  its  starting  in  1896.  Additional  capital  was 
subsequently  raised,  and  the  company  is  now  stated  to  be  in  a  position 
to  ensure  the  regular  working  of  the  deposit  The  coal  seams  are  not 
very  thick,  and  the  coal  from  this  source,  for  the  present  at  least,  is  not 
likely  to  compete  with  English  coal.  The  calorific  power  of  the  Hera- 
clea coal  is  about  60  per  cent,  of  that  of  English  coal.  The  total  output 
of  all  the  collieries  is  estimated  at  from  360,000  to  400,000  tons. 

A  true  iron  industry  does  not  exist  in  Turkey,  but  imported  semi- 
manufactures  are  worked  up  in  large  quantities  by  smiths,  who  are  very 
numerous — nails,  horse-shoes,  hoop-iron,  and  rough  agricultural  imple- 
ments })eing  made.  Other  iron  and  steel  wares,  the  manufacture  of 
wliich  needs  greater  skill  and  better  appliances,  are  only  produced  in 
Turkey  on  a  very  small  scale.  The  imports  of  iron  and  steel  manu- 
factures into  Turkey  are  consequently  considerable.  They  amounted  in 
181)9  to  al)Out  G0,000  tons.  Only  10  per  cent,  comes  from  the  United 
Kingdom,  by  far  the  larger  quantities  coming  from  Belgium  and  Sweden. 
Tlie  imports  from  (Jermany  are  rapidly  increasing.  Beams  form  an  im- 
portant portion  of  the  imports,  in  addition  to  railway  material  All 
kinds  of  iron  wares  of  common  use  would  also  find  a  market.  These 
include  nails,  hooks,  chains,  cast  iron  wares,  pipes,  scythes,  shovels, 
S:c.j  &c.  The  imports  of  needles,  cutlery,  &c.,  are  also  increasing,  as 
also  are  those  of  agricultural  implements.  The  iron  trade  in  Turkey  is 
mostly  in  the  hands  of  Armenian  merchants,  who  compete  greatly  with 
one  another. 
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XXIY.— UNITED  STATES. 

Iron  Trade  Statiitics^—The  American  Iron  and  Steel  Aasoeia- 
tion  •  reports  the  production  of  iron  and  steel  in  the  United  JStatcg  in 
1 900  to  have  been  ae  follows  i — 

Fi^iroD        .  _  .        .  .        .        .        .     I3JS9,342 


£««Aafiitr  kleel  ingota  . 

Bmio  op«ti^hurth  iteel  iogoU 
Acid  open -b  tart  b  iteel 
Total  open-heArth  iteol 


2,547*02:* 

855,530 

3,403,552 


Iron  Trade  Exports,— The  iron  and  stael  exports  of  tl^e  United 
States  for  the  year  li>00  have  been  published. t  They  show  a  total  of 
l,205j964  tons,  against  T78,901  tons  for  the  pvevioua  yean  The  exports 
of  steel  rails  show  an  incrt^ase  of  over  84;U00  tons  compared  with  the 
corresjwnding  period  of  18J)9.  The  other  prominent  features  of  the 
record  are  an  increase  of  58,000  tons  in  pig  iron,  a  decrease  of  2000  tons 
in  sheets  and  pi  sites,  and  an  increase  of  13j470  tons  in  structural  iron 
and  steeh  Of  wire  nails  and  spikes,  the  total  exports  for  the  year  have 
decreased  from  33,535  to  27,404  tons.     The  details  are  as  follows  :— 


Iroti  are        ^        *        .        , 

Pig  iroQ        ,        .        .        , 

Bcmp    ..... 

BftTlFOtl         «... 

Bun  or  rodi  of  iteet  other  ihnn  wire 

Iron,  mils      .         .         ,         » 

Steel  mils      , 

Billets,  in^olfl^  And  blootns  * 

If  imp,  btiml,  tktid  scroll 

HndR,  wire,  of  iteel 

Ifoti  aheeti  aud  plateft. 

Steel  sh«eti  and  platei 

Stnictuml  iron  And  steel 

Wire      ..... 

Ctit  rmlU  and  spikes      . 

Wire  tihih  ahd  apikei  - 

AU  other  niiils^  innludm^  lii«ks 

ToUl 


1900. 

51.460 

49,283 

6,374 

366,246 
107,476 

y,;i3i 

45,r>54 
07,714 
78,(>H 

27»404 
1,807 

1,^)5,932 


American  Con  sumption  of  Pig  Iron. — Statistics  allowing  the 
iipproxiuiate  ciinsuuiption  of  pig  iron  in  tlie  United  States  duriog  the 
year  1900  have  just  been  published  by  the  Americaa  Iron  and  Steel 
Asfiociatiun.  J  The  tigures  fur  1899  are  also  given  for  comparison.  The 
,  consumption  of  pig  iron  in  these  two  years  is  approximately  shown  by 

*  Bv^t4iin  tffih4  Am^H^an  Ir&n  arui  St^d  Atiocialitnt^  voL  xxxt.  p.  7& 
f  Ibid,,  p.  22.  ^ /bli.,  p.  30 
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adding  the  production,  imports  and  stocks  of  unsold  pig  iron  at  the 
beginning  of  each  year,  and  subtracting  from  the  total  thus  obtained  the 
exports  and  unsold  stocks  at  the  close  of  each  year,  the  comparatively 
small  quantity  of  foreign  pig  iron  held  in  bonded  warehouses  at  the  close 
of  each  year  not  being  considered.  In  all  the  Association's  calculations 
spiegeleisen  and  ferro-manganese  are  invariably  treated  as  pig  iron  and 
warrant  stocks  are  included  in  unsold  stocks.  The  following  table  shows 
the  approximate  consumption  : — 


Pig  Iron. 


Domestic  production 

Imported 

Stocki  unsold  January  I 

Total  supply 

Deduct  stocks  December  81 

Also  exports 

Approximate  consumption .... 

Shrinkage  in  consumption  in  1900  as  compared 

with  1899 


1899. 


Gross  Tons.  | 
13,620,703 

40.393  I 
415.333 

14,076,429  I 

68.309  ' 

228.678  1 

13,779.442  I 


1900. 

GroM  Tons. 

13.789,242 

52,565 

68,3u9 

13,910»116 
446,020 
286.815 

13,177,281 

602,161 


The  Steel  Industry. — R.  H.  Thurston*  traces  the  development 
of  the  steel  industry  in  the  United  States,  and  compares  the  pnxiuc- 
tion  with  that  of  Great  Britain  and  of  Germany.  The  increasing  use 
of  steel  and  its  probable  future  is  discussed  in  a  popular  way. 

E.  Phillips  t  contrasts  English  and  American  methods  in  the  in.m 
industry  in  respect  of  tin-plate  bars,  costs,  and  facilities  in  various  direc- 
tions, blast-furnaces  and  open-hearth  furnaces. 


Lake  Superior  Iron  Ore. — H.  J.  Stevens  |  reviews  the  first  half- 
century  of  mining  in  the  Lake  Superior  district,  where  the  total  of  the 
output  has  now  surpassed  171  million  tons.  The  proportional  shares  of 
the  various  districts  and  of  the  different  mines  are  dealt  witli  for  the 
period  and  for  last  }oar.  A  sixth  producing  range  is  now  added  for  the 
first  timo,  and  this  is  the  Michipicoten  in  Canada,  while  the  Atikokan 
will  soon  1)0  included  as  another  Canadian  source  of  ore. 

According  to  D.  E.  Woodbridgp,§  Lake  Superior  iron  ore  shipment 
for  1900  show  an  increase  of  about   1,000,000  tons  over  1899.      The 


*  The  Century  Matjazinr,  1CH)1,  pp.  562  508. 

t  American  MannfaciurcVf  vol.  Ixviii.  j)p,  387-391. 

§  Engineering  and  Mining  Journal,  vol.  Ixxi.  pp.  17-18. 


Ihid,^  pp.  7-J>. 
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increase  is  less  than  was  expected,  partly  due  to  the  early  frost, 
shipments  from  the  various  ports  have  been  as  follows  : — 


The 


1899. 

1900. 

Two  HarlK)ur8,  MiDnesota 
Dalnth,  Minnesota 
Escanaba,  Michigan    . 
Marquette.  Michigan 
Ashland,  Wisconsin    . 
Superior,  Wisconsin   . 
Gladstone,  Michigan  . 
Michipicoten 

Tons. 
3,973,738 
3,509,965 
3,720.218 
2,733.696 
2,703,447 
878,942 
381,457 

Tons. 
4,007.294 

O,  OOO,  jloO 

3,436.734 
2,661,861 
2,633,687 
1,519,000 
418,854 
62,000 

18,628.416  • 
600,000 

Total 

All-rail  shipments  (estimated)    .... 

17,901.358 
350,446 

18,251.804 

Grand  total 

19.282,316 

Seven  Lake  Superior  mines  have  shipped  this  year  over  760,000  tons 
each,  two  have  shipped  over  1,000,000  tons,  and  the  greater  portion  of 
the  output  has  come  from  comparatively  a  few  properties. 

According  to  another  estimate,  the  production  of  ore  in  the  various 
ranges  of  the  Lake  Superior  district  was  as  follows :  t — 


I- 


Marquette 
Menominee 
(vogebio  . 
Vermillion 
Mesabi    . 


1899. 


Tons. 
3,757,010 
3,301,052 
2,795,856 
1,771.502 
0,620,384  I 


1900. 


Tons. 
3,457.522 
3,261,221 
2,875,295 
1,655,820 
7,809,535 


Total 


18,245,804J    19,059,393 


Ooke. — In  the  Connellsville  district  in  1900  the  number  of  ovens 
was  20,954,  and  the  production  was  10,166,234  tons,  as  compared  with 
19,689  ovens  and  10,129,764  tons  in  the  previous  year.  The  average 
prices  for  the  two  years  in  question  were  2*00  and  2*70  dollars  per  ton.§ 

Mineral  Production   of  Iowa.— Perhaps  the  most  important 

change  in  the  mining  situation  in  Iowa  ||  within  the  year  1899  was  the 
opening  of  the  iron  deposits  near  Waukon,  but  the  conditions  are  not 


*  18,632,315  in  original. 

t  Iron  Trade  Review,  January  31, 1901,  p.  10.  t 

§  Iron  Age,  January  24. 1901,  p.  19. 
"Annual  Report  of  the  Iowa  Geolo^oal  Survey,"  1900. 


18,251,804  in  original. 
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XXV.— COMP AMATIVE  TABLES.               ^| 

^^m     Thi  World's  Prodiictioii  of  Coal  and  Iron.— For  pfrrpoM^H 
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A  similar  summary  showing  the  production  of  pig  iron  is  as  follows : — 


CouDtry. 


United  Kingdom  . 

Austria 

Hungary 

Bosnia .... 

Belgium 

Canada 

France. 

Germany  and  Luxemburg 

Italy     .... 

Japan  .... 

Russia  .... 

Spain    .... 

Sweden 

United  SUtes       . 


"I 


Year. 


,  Production  in 
I     Tons. 


1900 
1809 
1899 
1899 
1900 
1890 
1900 
1900 
1898 
1898 
1900 
1900 
1899 
1900 


8,908,570 

996,385 

451,637 

13,749 

1,018,507 

94.077 

2,699,494 

8,422,842 

12,387 

20,588 

2,878,000 

294,118 

497,727 

13,789,242 


Neumark  *  publishes  the  following  statement  as  to  the  production  of 
coal,  iron  ore,  and  pig  iron  in  different  countries  in  the  year  1898  : — 

Production  of  Coal, 

Per  Cent,  of 
World's  Production. 

United  Kingdom 30*2 

United  States 29*5 

Germany 19'8 

Austria 5*3 

France 4*9 

Belgium 3*3 

Russia 1*9 

Other  States 5*0 


Production  of  Iron  Ore, 

Per  Cent,  of 
World's  Production. 

United  States 281 

Germany 22*7 

United  Kingdom .        .147 

Spain 101 

Russia ' 7*0 

France 6'7 

Sweden 3*3 

Other  States 7*4 

The  total  production  of  coal  is  placed  at  663,000,000  tons,  and  of  iron 
ore  at  70,156,000  tons. 


•  Stahl  und  EUen,  vol.  xxi.  pp.  02-68. 
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The  k)U!  production  of  pig  iron  li  ejiiitnutod  at  40,60r>,O(MJ  1 
W.  Fuweetl  givet  a  mimtDary  of  an  elalKmbv  tnoncignpli 
th«  iron  &nd  stottl  trade  of  the  United  Stataa  laiaed  by  tfaa 
Dflpartment  Bttrt^an  of  Blatbtiey,  Com  men  ting  uptm  the  pcodmsliMi  4t 
iron  ont  and  cool  in  alt  countriei  m  1899,  it  ii  itated :  *'Thia 
of  these  figures  ia  clear ;  the^r  iiidioite  that  the  ]ai4atahi|i  Us  tilt  | 
doction  of  ilioae  raw  nialcrkls  an  whidi  the  produclioti  ol  inn 
ateel  depetidji  has  not  onlj  teminimrily,  httt  pcrmanetitlj  ] 
eaatani  ta  the  west^^rn  fthon'Ji  of  the  Atlantic  OeeatL  Kaarij  « 
of  the  world^t  output  of  iron  ore  etiti^niig  into  (!omitien:ii]  \ 
lifoduced  in  tli^  United  Statea.  Thti  fa^  alone,  iiliatl|l|Kirt«d  h$  Ike 
eKbtiYnce  of  ecial  Auppllee  on  which  Europe  fa  now  begimtfug  lo  dimw, 
Wight  not  imply  permanent  ascendency  on  the  p«rt  of  Aoiericm  ifon- 
nmking  materiaK  hut  with  cool  luoaaurea  twelve  tiisea  ginalar  in  »ea 
than  thoee  of  Weatefn  Eiiro|fe^  it  ia  plain  that,  on  the  baria  el  llieaa  t«w 
igentaof  lievdopmont,  primacy  in  the  materiale  ol  iton  andelael  gifMitt»' 
haa  in  all  prubahility  ffir  the  coming  eentttry  pewed  lo  Iba  Cniiad 
Statea.  Thb  view  of  the  worUra  iron  ore  dtoation  : 
ewhetn  than  at  honio/' 

The  demand  for  iniprofed  metlioda  and  tnachioet  baa 
the  fomnowt  prtnlucfr  uf  iron  and  iti^ek  Tv«:hnologuail  training  of  Bia 
miiliri  in  iton-workitig  frrooeaaea  haa  anahlei]  Oemiaay  to  tSm  wm 
wfliftbj  eotnpetitor  of  biitb  Gi«at  Britain  and  the  United  WlaJi 
Ko  other  aingle  feature  of  German  devdot^ntnt  haa  dona  io  aikIi  lo 
|bring  bar  trade  to  the  fitint  tank  of  ezceUeneo  and  Tahia.  Hie  ] 
rof  Graai  Brilasn  ia  wliat  it  ia  to4aj  and  what  it  waa  in  Ibo  paal  ^ 
of  bar  eomnafcial  genitiiw  Prolonged  leailerahip  in  trade  bai^  bowam; 
ttado  bar  lax,  and  eaiiied  hi?r  to  loae  the  aii  ^^  V  ajaptition  In 

diaiigad  rondJUoiie  of  oompottttcm.    In  the  ImaDt^  i^idi  of 

Poweia  ia  Mirking  to  t«am  frota  the  uthera   the  thnn 
laetora  oontaio  the  eecreta  of  the  canturj'a  progioat  in  tba  Uon  and  aloal 
I  Itado— 4ba  innuitkii  of  madiinary  and  methods  tlMi  ediioatioa  of  iko 
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worker,  and  the  cultivation  of  the  consumer.  Permanent  national 
prosperity  lies  along  these  paths.* 

World's  Consumption  of  Ooal. — The  consumption  of  coal  in  the 
year  1899  amounted  to  001  ton  per  head  in  India,  0*11  ton  in  Russia, 
0-14  in  Italy,  019  in  Spain,  0*37  in  Austria-Hungary,  0*53  in  Sweden, 
0-99  in  British  Colonies,  1*06  in  France,  1*62  in  Germany,  260  in  the 
United  States,  275  in  Belgium,  and  3*83  ton  in  the  United  Kingdom. 
France,  Russia,  Sweden,  Spain,  Italy,  Austria  and  Hungary,  Canada, 
Cape  Colony,  and  Victoria  consumed  more  coal  than  they  produced, 
while  in  the  following  countries  the  output  was  in  excess  of  the  con- 
sumption : — United  Kingdom,  New  South  Wales,  United  States, 
Germany,  Belgium,  and  Japan,  t 

The  Railway  Systems  of  France,  Oermany,  and  the  United 

Kingdom. — An  interesting  comparative  statement  is  published  J  show- 
ing the  present  relative  positions  of  the  railway  systems  of  the  United 
Kingdom,  France,  and  Germany.  The  persons  and  goods  conveyed  were 
as  follows  in  1898:— 

Persons.  Goods. 

Millions.  Tons. 

United  Kingdom                .                1062-9  .3847 

Germany 7630  .        .               804*4 

France 4097  .               119*5 

The  locomotives,  carriages,  and  goods  trucks  numbered  as  follows  in 
1898 :— 


Locomotives. 

Carriuges. 

Trucks. 

United  Kingdom  .        .             19,214 
Germany       .        .                     17,623 
France  .        .        .        .  |          10,650 

45,125 
35,086 
27,634 

690,428 
383,578 
281,043 

The  length  of  the  line  of  rails  was  as  follows  : — 


Total  Length. 
Kilometres. 

Length  in  Kilometres 
per  10,000  Inhabitants. 

United  Kingdom 

Germany         .... 

France     

34,849 
48,280 
41.703 

8*63 

8*88 

10-80 

*  Engineering  and  Mining  Journal^  vol.  Ixx.  pp.  487-489. 

t  Oesterreichitche  ZeiUchrift  fur  Berg-  und  Hiittenwesen,  vol.  xlviii.  p.  637. 

X  Statu  und  Eiten,  vol.  xxL  pp.  43-44. 
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The  World's  Trading  Vessels. — ^The  Bureaa  Veritas  gives  the 
following  details  as  to  the  mercantile  steamships  of  the  different 
countries  : — 


1 
1 

No. 

1901. 

1900. 

Country. 

Registered 

No. 
5453 

Registered 

Tonnage. 

Tonnage. 

United  Kingdom      .        .5649 

11,859,581 

11,093,807 

Germany  . 

1    1031 

2,169.029 

900 

1,873,388 

United  States 

,      674 

1,183,851 

551 

970,881 

France 

'      545 

1,060,268 

526 

985,968 

Norway     . 

719 

769,242 

657 

672,549 

Spain 

394 

668,257 

377 

551,887 

Italy 

304 

556,494 

258 

443,365 

KuBsia 

;      484 

489,927 

435 

407.536 

Japan 

i      338 

477,311 

332 

455,535 

NetherlamlM 

1      257 

455,776 

224 

365,995 

Denmark  . 

,      335 

413,134 

318 

388.670 

Sweden 

1      544 

395,102 

497 

339,879 

Austria-Hungary 

1      193 

1 

389.157 

167 

335,314 

I 


It  will  be  seen  that  the  United  Kingdom  in  1901  possessed  54*43 
per  cent,  of  the  total  tonnage,  and  Germany  9*91  per  cent. 

With  regard  to  sailing  vessels,  the  United  Kingdom  again  holds  the 
premier  position,  the  United  States  coming  next,  and  then  Norway, 
Germany  being  fourth  on  the  list  and  Italy  fifth.  The  figures  are 
as  follows : — 


1901. 

1900. 

Country. 

No. 
7326 

Registered 

1     No. 

1 

Registered 

Tonnage. 

Tonnage. 

United  Kinj^dom 

2,513,307 

,    7706 

2,662,  ir>8 

United  States    . 

3G71 

1,360,978 

1    3497 

1,291,954 

Norway     . 

2123 

898,761 

2306 

956,678 

Sweden      . 

1484 

274,681 

1423 

277,651 

Gennaijy  . 

955 

551,025 

981 

548,053 

Italv 

15-.7 

500,408 

1557 

492,188 

Ilussia 

2:m 

478,f»30 

2455 

473,689 

t'rauce       .... 

1390 

341,037 

1371 

309,831 

The  total  number  of  sailing  ships  in  all  countries  was  27,867  in 
1900,  and  27,982  in  1901,  the  tonnage  being  respectively  8,347,026 
and  8,205,089.* 

•  Stahl  luui  Eiscn,  vol.  xx.  pp.  1236-1237. 
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